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PREFACE 



This book is very special to us. It represents new direction 
and continued growth not only in our careers as educa- 
tors, but in those of the teachers, principals, and faci- 
litators who developed this book with us. We believe 
the knowledge we have gained about interdisciplinary, 
problem-based learning will be helpful to you, your 
colleagues, and your students. 

We chose the practitioners who wrote the book's 
problem-based instructional profiles from very different 
learning contexts: some urban, some suburban; some fo- 
cused on learning for gifted students, others on learning 
for students at risk; some projects within one school, some 
involving multiple schools; some projects with technology, 
others without. These practitioners also represent very dif- 
ferent stages of development. Some had little prior in- 
volvement with problem-based learning but were looking 
for new interdisciplinary approaches; some were very ex- 
perienced in problem-based learning and were seeking to 
improve their practice; and still others wished to share their 
experiences and work with others to apply them in new 
settings. 

This book tells their stories of innovation, of changes 
in roles and relationships, and of the struggles and tri- 
umphs experienced along the way. In many ways, this book 
reflects the changes in our roles and relationships as we 
work with interdisciplinary, problem-based innovations. 

Although it was never our intent, in the past we often 
did things somewhat in isolation. Beau Jones, the cogni- 
tive researcher on this team, often created books and ma- 
terials working as a member of a small group that had in- 
formation and resources to pass along to others. Typically, 
the authors were all researchers who tried to consider the 
strengths and perspectives of teachers. Unfortunately, it 
was becoming clear that the authors were the primary ben- 
eficiaries of the process, not the teachers in the field. 
Teacher-leaders Claudette Rasmussen and Mary Moffitt of- 
ten created materials out of sheer necessity. They found 
themselves responding to the immediate needs of the class- 



room or workshop, trying to provide "just enough, just in 
time." Whenever possible, they sought out like-minded 
people as collaborators. 

With this book, we combine knowledge and experi- 
ence from research and practice. We write about sound in- 
terdisciplinary practices that support engaged learning. We 
also saw this as an opportunity to try a new approach to 
curriculum development and professional development — 
one that would truly "walk the talk" and model with teach- 
ers what we espoused for students. We found that every- 
one benefits more when the work is codeveloped with the 
people using it in schools. First, the work is necessarily 
grounded in the needs and goals of all the participants. 
Second, various groups and teams can share in solving 
problems, asking questions, and building knowledge, and 
each can contribute its unique perspective and resources. 

The result of our discovery is that each of the tools in 
this book was created in response to the needs and ideas 
of diverse practitioners and their students. The author 
teams used these tools either to reflect on and evaluate an 
interdisciplinary unit taught in the past or to design a new 
problem-based unit of study. 

As we prepared to write this book, we reflected on what 
we thought about teaching and learning. We gradually re- 
alized that we were moving from a primary focus on in- 
terdisciplinary teaching to a more fundamental focus on 
interdisciplinary learning in which teachers codevelop 
units with students. Ultimately, we chose problem-based 
learning for our focus because we believe it is the most 
powerful approach for interdisciplinary units. We called 
our model Problem-Based Learning as Codevelopment 
(pbl-cd) because of the richness of the experience of work- 
ing with teachers and others as colearners. 

This shift had profound implications for us as re- 
searchers, curriculum developers, and facilitators who pro- 
vide opportunities for professional development. Broadly 
speaking, it meant that we would shift from learning among 
ourselves to learning with others, from constructing knowl- 
edge to coconstructing it, from making decisions among 
ourselves to negotiating them with others. We went from 
supporting teachers as individuals and teams to building 
communities of practice that would include not only teach- 



ers, but also library media specialists, technology coordi- 
nators, administrators, practitioners in the field, and com- 
munity members. Finally, we sought to incorporate mean- 
ingful roles into this work for the people most affected by 
learning and teaching — students. 

We hope this book encourages teachers to reflect on 
their own practice and to codevelop interdisciplinary, 
problem-based curriculum units with their students and 
other teachers. We are not asking you to abandon 
approaches you have developed in the past. Rather, we 
invite you to build on your strengths by integrating new 
practices into your approaches and strategies, reflecting on 
what works and what does not work for you. For some 
teachers, this may mean choosing to make a bold shift from 
a more traditional, discipline -based instructional approach to 
an interdisciplinary, problem-based unit that is codeveloped 
with other teachers and with students, embedding the best 
knowledge and skills from previous practice. For others, it 
may mean identifying one or two elements or activities that 
fit your style and your students' needs, and exploring how 
best to incorporate them into your current methods. In 
both instances, we encourage you to share and reflect on 
your ideas with others when planning for a curriculum 
unit, during the actual implementation, and after teaching 
the unit. This constant refurbishing of your understanding 
with ideas from multiple perspectives is a give-and-take 
process that empowers teachers to look to colleagues to 
help solve problems, share the responsibility for learning, 
and build community. 

Developing this book with others has been among the 
most liberating and rewarding experiences of our profes- 
sional lives, and it has deepened our commitment to shar- 
ing and negotiating ideas. We are excited about the work 
and growth we shared together and its impact on students 
and teachers. This book celebrates the work of these teams. 

We invite you to join us in an ever-expanding com- 
munity of practice around interdisciplinary, problem-based 
learning. 

Beau Fly Jones 
Claudette M. Rasmussen 
Mary C. Moffitt 
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Learning and Teaching 




"Earlier I used to think about teachable moments. Now I 
am more often thinking about learnable moments— when we 
take notice, when we take issue, when we decide, when we 
coconstruct." 

Irene DaMota, Principal, Whittier Elementary School 
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LOOKING BACK: IDENTIFYING NEEDS BY REFLECTING 
UPON PRACTICE 



At last, another hectic school year is draw- 
ing to a close. Bill Mundy always forgets 
just how much material there is to orga- 
nize and put away. 

He thumbs through one of his sev- 
enth-grade textbooks before putting it into 
a cabinet. Bill is pleased that some of the 
more engaging topics in math, such as 
probability and geometry, have made their 
way toward the front of the text. He is also 
gratified by the increased emphasis on rea- 
soning and problem-solving standards . 
Still, he muses, few of the text's activities 
and problems had seemed especially 
meaningful to his students. But at least 
some of the end-of-the-unit projects he 
had designed had captured the students' 
interest. 

Bill notices a crumpled paper sticking 
out of one of the textbooks: It's Hector's se- 
mester score report. Hector was one of 
those kids who did poorly on tests and 
showed little motivation for most math ac- 
tivities, even the projects. In fact, he often 
questioned the relevance of math to his life. 

Bill is bothered that the majority of 
Hectors grade was based on his chapter 
test performance. He doesn't feel that the 
grade is a true representation of Hector's 
abilities. Although Bill had used some per- 
formance-based assessments for project 
work this year, he hadn't given them much 
weight in his overall grading. He still isn't 
sure how to justify the value of such non- 
traditional measures to administrators and 
parents. 

It really troubles Bill that he had not 
been able to "hook" Hector on the impor- 
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tance of math. He can't help but question: 
Is he really focusing on the skills most 
needed by his students? Is he actually 
preparing them for "real life"? 

Bill's colleague, Carmen Delgado, en- 
ters his classroom, providing him with a 
welcome diversion. Knowing that Carmen 
regularly used hands-on activities with her 
sixth-grade math students, Bill tells how 
his students Mercedes and Talia had in- 
vented a game, demonstrating a genuine 
understanding of odds. Their enthusiasm 
had spread throughout the class. Recalling 
this, Bill states that he is more certain than 
ever that student-created projects and orig- 
inal experiments need to be an integral part 
of his curriculum. 

Carmen agrees and notes that her stu- 
dents had transferred the problem-solving 
approach they used in student-designed 
measurement experiments to the scientific 
thinking they used in the Invention Con- 
vention. Bill is curious about her success 
in integrating language arts activities into 
the science unit. Carmen says that it was 
very helpful to have the speech and writ- 
ing research units coincide with the In- 
vention Convention. The students felt a 
genuine need to write in-depth reports and 
refine their speeches because they actually 
used them in their presentations to judges. 

Bill is excited to think that he will be 
receiving students next year who have ex- 
perienced interdisciplinary work and have 
transferred their thinking across subject ar- 
eas. When Carmen hurries off, Bill begins 
considering the possibilities: What will he 
have to do to build on such connections? 
How can he be more student-centered 
rather than test and text driven? What 
kinds of interdisciplinary things can he 
and his colleagues do? How can they be 



sure that the required curriculum stan- 
dards are met? 

Bill comes across an article on "real- 
life" problem solving in the middle school 
math journal. Skimming it, he sees that 
other teachers have similar questions re- 
lated to making learning more relevant for 
students. It also seems as if studying prob- 
lems based on questions generated with 
students is a more powerful teaching and 
learning approach. Although Bill feels 
good about his focus on projects involving 
problem solving, this article makes him re- 
alize that there is a distinct difference in 
using thought-provoking word problems 
and hands-on projects versus having stu- 
dents work to solve authentic problems. 

Bill thinks back to Mercedes and Talia. 
Inventing a game was more than a hands- 
on activity for them, it was an authentic 
task! He remembered how clearly and con- 
fidently the two girls had explained the 
logic of the game to their peers. 

Maybe more authentic problem solv- 
ing would have finally gotten Hector in- 
vested in his own learning. It might even 
have stopped his "What's this got to do 
with real life?" question! 

Bill suddenly realizes that it is that very 
question that could guide his own learning 
and teaching. Office cleaning forgotten, he 
excitedly writes down some of the ques- 
tions, ideas, and insights that have been on 
his mind today. 

Feeling a certain sense of accomplish- 
ment, Bill chooses some resources from his 
piles and shoves the remaining items into 
a nearby cabinet. These will just have to 
wait until August, Bill closes his classroom 
door and walks down the now empty hall. 
He smiles. After all, it is the beginning of 



the long-awaited summer. And although 
Bill has more questions now, they are ones 
that excite rather than perplex him. 



LOOKING FORWARD: PROBLEM-BASED LEARNING 
AS CODEVELOPMENT 



Although the scenario above is fiction, it echoes the expe- 
riences of teachers everywhere. It is often not until the 
school year's end that teachers have sufficient time to look 
back on what worked and what did not work, as well as 
to consider ways to make learning and teaching more 
meaningful. Many reflective practitioners see limitations to 
instruction founded largely on textbooks. They have been 
searching for and experimenting with instructional strate- 
gies and approaches that are interdisciplinary and collab- 
orative, involve student-generated problems and solutions, 
focus on authentic tasks and interactive projects, use per- 
formance-based assessments, and link to broader stan- 
dards. 

Of the many promising choices and directions for 
teachers like Bill and Carmen, we believe that interdisci- 
plinary, problem-based learning is one of the most power- 
ful approaches. It offers teachers the means both to address 
their questions and to make learning and teaching more 
meaningful for them and their students. 

In problem-based learning (pbl), teachers and students 
integrate concepts and skills from one or more disciplines 
while investigating a problem. Pbl often engages students 
in the development of a relatively long-term project. 

As it is defined in the research literature and in its best 
practice, pbl goes beyond the typical interdisciplinary 
hands-on projects taught in many schools. Typically, such 
projects focus on general themes such as "Minnesota," "Ex- 
ploration," or "Primates," and involve students in research 
on various topics or categories of information such as "char- 
acteristics of primates." The themes and subtopics are usu- 
ally identified by the teacher. We refer to such thematic 
projects as project-based teaching (Jones, Rasmussen, & Mof- 
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fitt, 1996). In contrast, projects such as "What kind of pol- 
lution is killing some lakes in Minnesota?" or "What ca- 
pacity do primates have for language?" are focused on prob- 
lems. These projects have two essential features, as defined 
by Blumenfeld, Soloway, Marx, Krajik, Guzdial, and Pal- 
incsar (1991): (a) questions or problems organize and drive 
activities in the classroom, and (b) these activities lead to 
various artifacts or products that culminate in a final prod- 
uct that addresses the driving questions. We consider pro- 
ject-based learning that results from projects focused on 
problems to be synonymous with problem-based learning. 

Our model, Problem-Based Learning as Codevelop- 
ment (pbl-cd), supports such problem-based learning in 
very specific ways as described in chapters 2 and 3. Fur- 
ther, we emphasize that pbl involves codeveloping ideas 
and materials both for teachers and students. The pbl-cd 
model itself was developed in collaboration with teachers, 
library media specialists, and technology specialists from 
several elementary and high schools. We believe its major 
strengths lie in this codevelopment and in the fact that it 
is a synthesis of concepts and processes from research and 
best practice on learning. 

It will be helpful to illustrate our model by continuing 
our scenario, approximately 18 months later, to show what 
might occur as Bill and Carmen integrate elements of pbl-cd 
into their classrooms and as their school moves forward with 
interdisciplinary, problem-based learning and teaching. 

During the past school year, Carmen and 
her colleague Eric Shaw, a language arts 
teacher, had actively sought out informa- 
tion about interdisciplinary, problem- 
based learning. They had even visited 
other schools where students were inves- 
tigating real-life problems . Bill, mean- 
while, had made it his professional goal to 
learn everything he could about authentic 
problem-solving experiences. These three, 
along with Coretta Wills, a social studies 
teacher, had been among the pioneers in 
their school to write problem-based learn- 



ing units during the recent summer while 
working with curriculum consultants. 
Now, there are a number of teams 
throughout the school exploring interdis- 
ciplinary problem-based learning. This 
work is part of a year-long commitment all 
teams have made to codevelop curricula 
with each other and with the consultants. 

As the principal, Beverly, makes her 
rounds of the classrooms, she sees a rich 
array of activities that demonstrate 
progress toward implementing problem- 
based learning. With interest, she observes 
Bill and Carmen as they team-teach a unit 
on local conservation issues. They move 
about the class sometimes listening to, 
sometimes talking with student work 
groups that are planning guidelines for col- 
laborative work. Beverly smiles as she 
watches Carmen work with a group of stu- 
dents to generate criteria for self-assess- 
ment. She and her students have discov- 
ered the power of codeveloping assessment 
criteria from the very beginning of a unit. 
And Bill seems energized now that he can 
give students more opportunities to pur- 
sue problems of importance to them. As 
he monitors the small groups' work, he oc- 
casionally poses a guiding question to 
prompt student planning. 

When the activity has finished, the 
team makes an appointment with Beverly 
to review further their plans for this prob- 
lem-based learning unit. Beverly feels good 
that she and the teachers found a way to 
change the schedule to allow for common 
planning time dedicated to developing 
these units for the teachers, even though 
it meant her taking lunchroom supervision 
each week. She has promised to meet with 
each interdisciplinary teacher team so that 



she can help align curricular outcomes and 
assessments and lend support in any other 
way she can. 

Beverly's next stop is Coretta and Eric's 
classroom. Their students are in the mid- 
dle of a debriefing. As Beverly watches, the 
class generates a concept map represent- 
ing what they have learned about bridging 
cultural differences within their commu- 
nity. She recalls last week's student pre- 
sentations, part of the multicultural exhibit 
at the local library. The students had made 
their presentations first to other students 
in the class and the school, then to library 
staff, parents, and community members. It 
was clear that both the presentations and 
this debriefing resulted in new insights for 
the students. 

At one time, Beverly had thought that 
a final presentation and its assessment was 
the demonstration of learning. Listening to 
these children, she now realizes that valu- 
able knowledge building results from 
summarizing collectively what has been 
learned, even after assessment of small 
group presentations. Students seem to 
consolidate learning as they reflect upon 
and refine their earlier hypotheses and 
consider the implications of their findings. 

Following class, Beverly shares this in- 
sight with Coretta and Eric. They, in turn, 
share the development of the debriefing 
process with her. They explain that they 
had, in fact, given their unit plans to Bill 
and Carmen for a critical review. This "crit- 
ical friend" team had helped to refine their 
debriefing process with the students. Bev- 
erly recalls how energized all the teacher 
teams were when reviewing and collabo- 
rating on each other's plans. She had wor- 
ried that some teams would not set aside 



time to continue this codevelopment 
process once the school year was under- 
way, but so far they had. We have all come 
a long way, Beverly mused. . . . 

Bill has indeed come a long way since he was prompted 
by Hector's crumpled report to question how his teaching 
might support more meaningful learning. His colleagues 
and their principal, Beverly, have also come a long way in 
their understanding of the power of authentic problem 
solving to engage students and enhance their learning. 
Their commitment to codeveloping pbl curricula has in- 
volved them in new roles that mirror those of their stu- 
dents. The students' new roles were as coevaluators (they 
developed and used assessment criteria), and coplanners 
and coproducers (they designed and developed their own 
presentations). Following in their students' footsteps, the 
educators became colearners, coproducers, and coevalua- 
tors as they designed, implemented, and continually re- 
fined their curricula. 

These experiences, as described in our scenarios, rep- 
resent a composite of the rich, field-based experiences we 
have had during the evolution of this book and a parallel 
book we codeveloped with high school teachers (Jones, Ras- 
mussen, & Moffitt, 1996). Throughout our process of ex- 
amining the research on learning, of negotiating and code- 
veloping the pbl-cd model with practitioners in schools, and 
of observing the impact of authentic problem solving on 
teachers and students, we, too, have come a long way. 

Our pbl-cd model and its approach to curriculum de- 
velopment, professional development, and the ways in 
which engaged learning takes place in the classroom reflect 
a fundamental shift — from a focus on teaching to a focus 
on learning and codeveloping. Our model is grounded in 
a solid understanding of the research on learning and the 
ways in which teaching can support more meaningful 
learning. It is also grounded in best practice — the experi- 
ence-based wisdom of educators in schools that recognizes, 
among other things, the significance of the "learnable mo- 
ments" and the power of coconstructing. 



ORGANIZATION OF THIS BOOK 



We wrote this book for practitioners who, as part of their 
own professional growth, are interested in examining learn- 
ing environments and codeveloping curricula that are both 
interdisciplinary and problem based. We have organized 
the material in a manner that is supportive of such self- 
study and independent codevelopment. Readers will want 
to pay special attention to the guided self-study questions 
at the end of each section. These questions can be used to 
make the important link between research and practice. 
The self-study activities are intended to engage readers in 
a progressive problem-solving process that encourages 
them to think about the material by planning an applica- 
tion, acting on their plan, sharing their results, reflecting 
on their work, and rethinking and refining the work. In 
these activities we ask that you share your work with one 
or more critical friends. The role of critical friends is to 
provide helpful feedback and to stimulate further reflec- 
tion and refinement of work. Critical friends can become 
significant codevelopers. 

We use stories about practice to ground our research 
and to bring the struggles and triumphs of teachers and 
students to life. Some of the stories are fiction, such as the 
representative scenarios you have read in this chapter; oth- 
ers are real-life examples of pbl described by us in Goal 1 
and by practitioners in upcoming Goals 4-7. 

We have also included a number of items that support 
interdisciplinary, problem-based learning and codevelop- 
ment in the appendices: indicators of engaged learning, a 
template for aligning curricular outcomes with assessments 
within a pbl unit, and a detailed illustration of the teach- 
ing and learning process as it might play out in a class- 
room over the course of a pbl-cd unit. 

This book, like others in the series, is organized in 
terms of goals rather than chapters. In Goal 1, we present 
various strands of research as well as different models of 
PBL that address why interdisciplinary, problem-based 
learning approaches are important. In Goal 2, we look at 
what our model is by examining the features of pbl-cd. Goal 
3 describes our model in more depth, focusing on the code- 
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velopment process — how teacher teams codevelop PBL 
curricula and how teachers and students engage in code- 
velopment throughout a problem-based unit. 

Goals 4 to 7 contain Profiles developed by author teams 
working on specific problem-based learning units. The au- 
thor teams represent diverse learning contexts: some ur- 
ban, some suburban; some focused on learning for gifted 
students, others on learning for students at risk; some pro- 
jects within one school, some involving multiple schools; 
some projects with technology, others without. 

These instructional Profiles reflect where teachers were 
pedagogically when they worked on these units. In some 
cases, the unit had already been taught and the Profile is 
a reflective look back at how it could be enhanced using 
our model of problem-based learning as codevelopment. 
In other cases, the model was used to design units to be 
taught. In still other cases, the unit was designed, devel- 
oped, and taught over the course of the project. Some units 
are very polished, having been taught more than once. A 
few of our Profiles are more like pilot studies — more ex- 
ploratory, with clear goals not fully defined. 

Problem-based learning, as we have defined it, is an it- 
erative process aimed at continual refinement. We feel that 
it is important to provide case studies that were in begin- 
ning stages as well as those more refined through reflec- 
tion and practice. Further, we believe these Profiles repre- 
sent the range of readiness for pbl-cd of our readers and 
that both novices and experts can benefit from this book. 

In the course of developing these Profiles, many of the 
author teams engaged in informal action research. They 
asked research-based questions of interest to them, de- 
signed activities to address the questions, and made ob- 
servations that informed their theories of learning and their 
practice. Two Profiles apply some ideas from the multiple 
intelligences concept; two examine aspects of multicultural 
research; two incorporate elements of community service 
or service learning research; one discusses project-en- 
hanced science learning; and two provide additional re- 
search on problem-based learning. We believe that all of 
these Profiles represent an innovative genre in the areas of 
curriculum and professional development. They have some 
of the messiness and struggles of a case study, but the ap- 



plied research adds a discipline and perspective to the 
thinking and writing that are often absent from case stud- 
ies. These Profiles speak from the heart and the mind as 
well as from best practice and research. We believe that 
there is enough substance in each Profile for readers to be 
able to apply the ideas to their own learning contexts. 



GOALS FOR THE READERS OF THIS BOOK 



This is truly a book written for practitioners in codevelop- 
ment with practitioners. We hope that you will find both 
meaning and community in reading this book. As you in- 
teract with this material, we hope that you and your col- 
leagues will work together to accomplish your personal 
goals as well as the goals we have outlined below: 

L To understand the features of Problem-Based Learning 
as Codevelopment. This also means understanding how 
principles of learning guide the teaching-learning process 
in the schools and the curriculum development process. 

2. To recognize the importance and nature of progressive 
problem solving as it applies to learning and to professional 
development. 

3. To understand the codevelopment process as it occurs 
between teachers and students in schools, within practi- 
tioner teams, and among practitioner teams, professional 
developers, and the broader research and development 
community. 

4. To understand the power of communities of practice 
that provide diverse relationships, multiple perspectives, 
and shared goals and resources for teaching and learning. 

5. To appreciate a range of applications of interdisciplinary, 
problem-based learning. 

6. To reflect on your own practice and engage in planning 
for problem-based teaching and learning. 
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SELF-DIRECTED ACTIVITIES 



Understanding and Planning: In the opening scenario to this chapter, Bill's reflec- 
tions upon past practice helped him to clarify ways to make learning and teaching more 
meaningful in his classroom. We invite you to identify further instructional needs by look- 
ing back on your own practice. Use the following set of questions to build upon your un- 
derstanding of your students and their needs and interests. 

Consider your classroom. What students and experiences are memorable — both the suc- 
cessful and not-so-successful? 



What insights, concerns, and questions did they raise? 



How did you respond? 



Introduction 



Recognizing that change is a personal and ongoing process, which of your practices are 
you truly ready to change? 



Acting and Sharing: Think about how to make your practices more interdiscipli- 
nary and problem-based. Describe your ideas below. Also think about the nature of these 
changes and how you might cope with them. Share your ideas and feelings with a criti- 
cal friend, much as Bill and Carmen and Coretta and Eric did in their roles as critical 
friend teams for one another. 
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Reflecting: Reflect upon the ideas and feelings shared with and by your critical 
friends. List or in some way represent them (metaphor, graphic organizer, icon). 



ET 



Rethinking and Refining: What are the implications for you and your colleagues? 
How do you intend to be more responsive to student needs? In what ways will changes 
to your practice reflect more interdisciplinary, problem-based practices? 
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Bill and Carmen, the reflective practitioners in the Intro- 
duction, illustrated a need for interdisciplinary, problem- 
based learning (pbl). We used Bill, Carmen, and their col- 
leagues to represent some ways in which Problem-Based 
Learning as Codevelopment (pbl-cd) makes learning and 
teaching more meaningful. In this chapter, we use a real- 
life example of pbl and the social processes that move in- 
vestigations forward. 



Understanding the Research on Problem-Based Learning 



We begin with an overview of Berenfeld's (1993) study 
of Pease Middle School in San Antonio, Texas. We elabo- 
rate on that example as we discuss specific aspects of the 
research and make the case for pbl. Following that, we ex- 
plore different approaches to pbl. Finally, we show how 
pbl-cd represents research and relates to other approaches. 



AN EXAMPLE OF PROBLEM-BASED LEARNING 



At Pease Middle School, students participated in the 
Global Lab program, which allows students to work as sci- 
entists, sharing their problems and findings with other stu- 
dents around the country as well as with experts in the 
field. Global Lab is one of the many problem-based cur- 
ricular programs focusing on the study of the environment 
and conservation developed by terc, a Boston research- 
based group that develops scientific technologies for use in 
schools. As part of this project, students used an inexpen- 
sive air pump designed by terc to investigate the question, 
"How safe is the air we breathe?" Because school policy 
prohibited Pease students from going into the outside en- 
vironment to collect a variety of air samples, they measured 
the air inside their classroom and school, found too much 
CO2, and concluded that the school had a pollution prob- 
lem. The school called the local Environmental Protection 
Agency and officials came out to measure the quality of the 
air. Using their own expensive equipment, epa officials con- 
firmed the students' measurements. Students at Pease com- 
municated both sets of findings using the Internet and the 
Global Lab database to students in other parts of the United 
States and the world. 

Students from a school in South Carolina reviewed the 
data from the Pease students and designed a study to test 
the hypothesis that excessive CO2 was a pollution prob- 
lem. They compared air samples in regular and mobile 
classrooms, expecting the latter to be worse because the 
mobile units were smaller than most classrooms and 
needed a separate generator for climate control. Instead, 
they found the opposite. The levels of CO2 were lower in 
the mobile units. The students wondered why and posed 
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this problem to other students and scientists on the Global 
Lab Network. 

As part of the conversations among the participating 
schools and practicing scientists, the students from South 
Carolina and from Texas came to understand that the ex- 
cessive CO2 was a ventilation problem, not a pollution 
problem. Apparently opening the doors brought fresh air 
into mobile unit classrooms, lowering the level of C0 2 . 

Their conversations with local officials and with scien- 
tists also gave them new roles and ways of thinking about 
themselves as learners, researchers, and experts on a local 
environmental problem. And although their investigation 
was science-based, it incorporated many cross-curricular 
thinking and communication skills. 

This example illustrates the importance of meaningful 
conversation about the conceptual content under investi- 
gation and of knowledge building in which the data and 
perspectives each individual or group contributes enrich 
the whole community of learners (Scardamalia & Bereiter, 
1992). Of course, such knowledge building can occur with 
little or no technology. In fact, the students at Pease Mid- 
dle School had only one computer in the classroom. 



THE CASE FOR PROBLEM-BASED LEARNING 



Bridges and Hallinger (1992) identify three grounds for us- 
ing problem-based learning: cognitive, motivational, and 
functional. In the sections below, we examine these broad 
premises generally and in relation to the example above. 



Cognitive 



We will review briefly some of the strands of research on 
cognitive development and the ways in which they sup- 
port engaged learning. The research on comprehension and 
learning within the cognitive sciences reveals that rote 
learning may be effective in the short run for many rou- 
tine tasks and tests, but it is not effective for deep under- 
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standing and retention of complex information or problem 
solving. Thus, students may have knowledge that they can- 
not access, a widespread phenomenon called inert knowl- 
edge (e.g., The Cognition and Technology Group at 
Vanderbilt, 1992). Most cognitive scientists believe that 
learners must interact with the ideas in context to make 
sense of the problem or task. Learners must work actively 
to construct meaning through internal dialogue and think- 
ing processes or through interaction with others to achieve 
deep comprehension for text-based activities and problem 
solving. Unfortunately, the kinds of instructional activities 
used in many schools today do not meet the conditions for 
learning that engage students' minds. In contrast, in pbl ap- 
proaches, because the context of learning is similar to the 
context of actual use, both retention and functional use im- 
prove. In a word, students are much more likely to achieve 
deep understanding of what they learn in pbl approaches. 
This is one reason why pbl students perform well on both 
standardized and alternative assessments, even when there 
has been no instructional focus on the isolated facts and 
skills on the tests. These findings are typical of problem- 
based learning with computer-supported technology and 
without it. (See citations throughout this chapter. See also 
Jones, Valdez, Nowakowski, & Rasmussen, 1995, for a syn- 
thesis of research on engaged learning and technology, 
which includes most features of problem-based learning.) 

Brooks and Brooks (1993) have synthesized the cog- 
nitive research in their principles of constructivist class- 
rooms. According to these authors, constructivism values 
(a) a curriculum focus moving from whole to part with an 
emphasis on big concepts, and curricular activities using 
primary source data and manipulative materials; (b) the 
role of the student as thinker with emerging theories of the 
world working in collaboration with others; (c) teacher 
roles that mediate the learning environment and value stu- 
dent questions and points of view; and (d) assessment that 
is ongoing and integrated with student learning with a fo- 
cus on teacher observations, student exhibitions, and port- 
folios. Many, if not most, problem-based approaches have 
been derived largely from this broader constructivist phi- 
losophy. 



In the Pease Middle School example, much of the in- 
struction and activity was focused on the problem of air 
quality in a given environment and how it can be improved. 
Clearly the students' questions were valued. Teachers me- 
diated the learning environment by helping students set up 
experiments that would test their emerging theories and by 
guiding them to a new understanding through meaningful 
dialogue. Students and teachers made ongoing assessments 
from the first set of air quality measurements through the 
epa verification of those original measurements and the use 
of those findings for subsequent experimentation. 

Another strand of research — the theory of multiple in- 
telligences developed by Gardner in Frames of Mind (1993) 
and other works — suggests that the traditional methods of 
formal instruction are not consistent with what we know 
about the nature and development of intelligence. This the- 
ory proposes that the intelligences that are primarily de- 
veloped in schools — verbal-linguistic and mathematical- 
deductive reasoning — are not necessarily what it takes to 
succeed in life. According to Gardner, there are at least five 
other intelligences that are valued by society: kinesthetic, 
spatial, musical, interpersonal, and intrapersonal. Learners 
can be very bright, yet lack the interpersonal and intrap- 
ersonal skills to be successful and productive. 

Problem-based learning develops social and intraper- 
sonal skills in several ways. Students typically work in 
groups that, over time, may be very self-organizing and di- 
rected. Their frequent interactions with peers, various teach- 
ers, community members, and experts develop additional 
communication and problem-solving skills. Intrapersonal 
skills are developed through various opportunities to reflect 
on the work through journals, decisions about self-assess- 
ments, selections for portfolios, periodic debriefing, and 
challenging ideas from others. Because problem-based 
learning students are typically engaged in hands-on activi- 
ties and graphic or pictorial representations of their under- 
standing, kinesthetic and spacial learning is reinforced. 

Most of these elements were present in the Pease Mid- 
dle School example. Also, the museum project Profile in 
Goal 5 involves defining problem-based activities for mul- 
tiple intelligences. 
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There is much in brain-based research that supports 
using problem-based learning in the classroom. Caine and 
Caine (1994), for example, discuss the concept of down- 
shifting: the notion that when an individual perceives a sit- 
uation as threatening, he or she essentially regresses to ear- 
lier, more primitive habits of mind. The focus in American 
schools on round-robin reading, especially for older stu- 
dents, and high-stakes, norm-referenced testing used in 
placement decisions and often published in district and 
state reports is very threatening. Further, the search for 
meaning occurs through seeking and finding patterns. 
Thus, students may have a high "time on task," but if the 
task is busywork or drill and practice, they are not likely 
to be learning because the work is not challenging, is done 
outside of meaningful contexts, or involves information iso- 
lated from principles of deeper understanding. 

Additionally, Sylwester (1995) argues that the new the- 
ories of the electrical basis of the brain suggest that class- 
rooms that promote learning would (a) focus more on 
drawing out existing skills and knowledge rather than on 
precisely measuring success with imposed skills; (b) en- 
courage personal (student-generated) construction of cate- 
gories rather than imposing existing categorical systems; 
and (c) emphasize narrative information over expository 
text. 

In problem-based learning, the work is typically very 
exciting and minimally threatening because the students 
help each other, the teacher acts as facilitator and colearner, 
and assessments are more meaningful and used primarily 
to monitor progress. Moreover, pbl is consistent with brain- 
based learning because there is so much emphasis on stu- 
dent-generated construction of categories, problem formu- 
lation, hypotheses, and solutions. These conditions were 
present in the Pease Middle School example. 

We think that pbl is more closely aligned with the new 
thinking in science, articulated so eloquently by Wheatley 
(1992). She studied the dramatic new ideas that are emerg- 
ing from quantum physics, recent research on cellular bi- 
ology and the brain, and other new science approaches. In 
the past, scientific views of causation were simplistic: A 
causes B, or A and other factors interact to cause B. Now 



we understand that causation is often unpredictable and 
nonlinear with the same factor being both cause and effect. 

In the Pease Middle School example, students were 
constantly engaged in conversations that challenged their 
thinking and provided multiple perspectives related to their 
hypotheses and procedures. Teachers and scientists were 
there to guide their thinking. In most classrooms, the in- 
vestigation might have ended once the students determined 
that there was too much CO2 in the air. Instead, students 
at Pease learned to think more deeply about causation and 
problem formulation. Also in the Pease example, the con- 
text for learning was rich with graphic representations gen- 
erated by students (e.g., charts showing the air samples 
from various locations), with challenging analysis and guid- 
ance from diverse social interactions, and with new roles 
for students and teachers (colearners and coinvestigators). 
It is not surprising that students' learning is better retained 
and concepts more deeply understood using problem- 
based learning, compared with traditional textbook ap- 
proaches or less powerful hands-on experiences. 

In many ways student learning at Pease Middle School 
reflects the increasing consensus about what defines highly 
engaged and meaningful learning. There have been nu- 
merous efforts to capture the common elements of engaged 
learning in research syntheses and principles of learning 
that cut across strands of cognitive research: for example, 
the learner-centered principles developed by the American 
Psychological Association Presidential Task Force on Psy- 
chology and Education (1993); the principles for con- 
structivist learning developed by Brooks and Brooks 
(1993); and the indicators of reform instruction articulated 
by Means and her colleagues (1993). 

We have built upon these and the key variables of 
learning and instruction described by Jones (1992) to cre- 
ate the Indicators of Engaged Learning included in Ap- 
pendix A. These 26 Indicators further define 8 broad vari- 
ables of learning: vision of learning, tasks, assessment, 
instructional model, learning context, grouping, teacher 
roles, and student roles (Jones, Valdez, Nowakowski, & Ras- 
mussen, 1995). These Indicators of Engaged Learning have 
been a helpful guide to many practitioners when analyz- 
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ing current instruction and planning for future teaching 
and learning. In fact, several of the authors of the Profiles 
in Goals 4 to 7 incorporated the Indicators in their plan- 
ning and self-assessment. Pbl, in general, and pbl-cd, in 
particular, exemplify engaged learning according to these 
Indicators. 



Motivational 



Pbl is highly motivating both for students and teachers (see 
also Blumenfeld et al, 1991). Because student work fo- 
cuses on problems, issues, and questions they create, stu- 
dents have more choices, more ownership. Because they 
play such a role in designing the research, resources, and 
assessments, the work is engaging, often exciting, and it 
develops talents. Also, working with experts, policymak- 
ers, and community members as mentors, role models, and 
colearners demonstrates to students that their work and 
education are valued by significant people and that it is 
well-aligned to real world needs. Assessments are often as 
interesting and fun as other activities. Moreover, because 
the criteria and the format of the demonstrations are well- 
known in advance, there is less cause for test anxiety. 
Teacher roles are more supportive and nurturing, com- 
pared with traditional instruction. Finally, working with 
the networked technologies associated with many pbl ap- 
proaches is a powerful incentive to many students, enabling 
them to collaborate with others, locally and globally, to 
solve real-life problems of common interest. 

In the Pease Middle School example, students were 
highly motivated to do work that was thorough and accu- 
rate because they needed to take their analysis to the prin- 
cipal as well as share with others around the United States 
and the world. They were motivated to understand how 
others thought about their work. Other features that would 
motivate students from the Pease example include work- 
ing with peers, working with real- world equipment and 
tasks, and the capacity to communicate with experts lo- 
cally and globally. 



Functional 



Pbl is closely aligned with the needs of the 21st century 
because problems and projects are designed to simulate 
real-world contexts or actually involve students in real- 
world situations and conversations, preparing them with 
skills required for work in a rapidly changing global econ- 
omy. Thus, pbl narrows the gap between school and work 
for jobs that require problem solving and reflection in ac- 
tion, technology, communication and presentation skills, 
leadership and teamwork roles, and greater ability to deal 
with interpersonal problems that arise in group work. 
These and other competencies, skills, and personal quali- 
ties are described in detail in the U.S. Departments of La- 
bor and Education's document, A Blueprint for High Per- 
formance: A scans Report for America 2000 (1992). pbl is, 
therefore, a good choice for schools wishing to align their 
instruction with skills needed for work. 

There were many features of the Pease Middle School 
program that made student tasks and assessment authen- 
tic. Students used replicas of equipment used by experts, 
they performed a valuable community service, and they 
had various authentic audiences for their work. Moreover, 
they were guided to understand more complex cause- 
effect relationships. In other examples of problem-based 
learning, students become local experts on energy and 
other environmental issues; they have access to deep in- 
formation about careers and community activities; and 
their work may be used by local communities and experts 
to solve problems of scientific inquiry. In one such case, 
student work was used by a local newspaper to report com- 
munity responses to a nuclear reactor. 

These examples show how community service or ser- 
vice learning is a natural methodology for problem-based 
learning. Service learning is currently spearheaded by two 
centers — Community Service Learning Center in Spring- 
field, Massachusetts, and Project Service Leadership in Van- 
couver, Washington — and various service learning agen- 
cies across the United States. Kinsley and McPherson 
(1995) from these two centers respectively, have developed 
a major resource book for people interested in learning 
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about the topic. Although the hope is that service learning 
projects involve challenging problems, not all of them do. 
If service learning projects focus on ill-structured or open- 
ended problems, however, the work is very motivational 
because it is valued by the local community. In these 
problem-based, service learning projects, students typically 
learn through active participation in well-organized service 
experiences. Ideally such experiences are developed col- 
laboratively with school and community; provide struc- 
tured time for the student to reflect, think, talk, and write 
about the experiences; provide opportunities to apply aca- 
demic skills; and help foster the sense of caring for others. 

In earlier times, most learning experiences occurred 
within the context of the home, community, or workplace 
in informal learning and in apprenticeships. This made the 
work authentic because there was an audience who cared, 
and this motivated children to learn. Family and commu- 
nity members were powerful role models who made the 
children feel that their work was valued. With the growth 
of schools as we know them today, these connections were 
lost. 

Abbott (1995) argued that what is needed is to recon- 
nect schools and communities. In part this assertion is 
about reconnecting children to the life and work of the 
community. Children should be given the chance to ad- 
dress local issues such as care for the elderly, programming 
for local television, and water quality analysis. Communi- 
ties need children who can participate in local and state 
government. However, this reconnection is also about 
changing the relationship between schooling and policy. 
Today, schools often perceive the role of government in 
education as adversarial, and many policymakers have lost 
faith in schools as a viable public institution. Service learn- 
ing is an opportunity for schools to involve local commu- 
nity members, business partners, and policymakers in dis- 
cussions about the needs of the community and in 
celebration of children s services to the community. 

In the Pease Middle School example, the students were 
performing a service to their school: measuring the qual- 
ity of the air, which has implications for the health of the 
students. In Goal 7, the Profile developed by the Illinois 



Mathematics and Science Academy also involves service 
learning concepts. 

To summarize, various strands of research from cog- 
nitive sciences support the use of problem-based learning. 
Pbl facilitates comprehension and memory. It is consistent 
with the new thinking in science, brain-based research, re- 
search on multiple intelligences, and constructivism. Stu- 
dents are motivated to learn in problem-based projects be- 
cause (a) the skills and knowledge are aligned with 
real-world tasks or the needs of the local community; (b) 
interactions with other students, community members, and 
experts are usually challenging and exciting; and (c) in- 
volving students in problem formulation, self-assessments, 
generation of representation of the work, and debriefings 
gives them ownership. Finally, communities need prob- 
lem-based learning because its methods and outcomes are 
well aligned to local needs as well as needs of the 21st 
century. 



DIFFERENCES AMONG PROBLEM-BASED LEARNING APPROACHES 



There are many different models of problem-based learn- 
ing; however, it is beyond the scope of this book to review 
them all. The ones we have chosen to review below are 
among the more predominant. Further, we distributed re- 
search on each of these models throughout the Profiles that 
were developed by the author teams. 



Medical Models of Pbl 



The idea of problem-based learning has spread not only 
throughout the medical professions but also throughout 
health-related professions generally. It is appropriate to be- 
gin with the two medical models of pbl that were devel- 
oped for use with medical students at McMasters Univer- 
sity in Canada by Woods and by Barrows, the fathers of 
pbl on this side of the Atlantic. 
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Barrows and his colleagues (1986) developed a tutor- 
ial model of pbl to help interns apply large quantities of in- 
formation within the context of a simulation of the real 
problem: What is the diagnosis? They felt that diagnostic 
information, traditionally memorized for a test, would be 
more effectively used in later real-life situations once mas- 
tered through such problem-based learning. Someone is 
trained to play the role of a patient with a particular prob- 
lem. The model includes developing a database from a huge 
battery of test data for the simulated patient, providing a 
facilitator who generally plays the role of Socratic ques- 
tioner, and designing a performance-based assessment that 
requires students to interview the patient and relevant fam- 
ily to deal with the diagnosis. In recent years, Barrows has 
worked in the United States, first with the Illinois Math- 
ematics and Science Academy (see Profile in Goal 7), then 
with a national network of high schools emphasizing med- 
ical careers for minorities. (See also Goal 5, where Ras- 
mussen talks further about Barrow's notion of an ill-struc- 
tured or ill-defined, open-ended problem.) 

Woods developed his version of pbl for medical stu- 
dents enrolled in chemical engineering classes at Mc- 
Masters. He was concerned that after spending so many 
years focusing on individual competition and memoriz- 
ing information in textbooks, many students lack the so- 
cial and emotional skills to cope with feelings encoun- 
tered when learning the "new" pbl approach, negotiate 
and carry out a collaborative work plan, and self-assess 
progress (personal communication, April 1994). His 
model begins by asking participants to consider their 
readiness for change and to recognize the "grieving" 
process for coping with change. Considerable attention 
was given to developing both social skills and skills for 
independent learning before engaging in a pbl seminar. 
Some of the McMasters Problem Solving Units he de- 
veloped include coping with conflict, basics of inter- 
personal skills, time management, decision making, and 
chairperson skills. Woods' books (1994; 1995) are 
packed with practical advice appropriate for anyone be- 
ginning PBL. 



Cognitive Apprenticeship and Communities of 
Practice 



Much of the work in this book was spearheaded by the 
parallel work of cognitive scientists who argued that learn- 
ing is maximized if student work is situated in real-life con- 
texts (e.g., Collins, Brown, <Sr Holum, 1991). In such con- 
texts, the work centers around real-world problems and 
performance-based assessments with authentic audiences. 
The concept of cognitive apprenticeship was used to cap- 
ture the essence of the new role and relationship between 
teacher and student that must take place when learning is 
situated in authentic contexts. That is, teachers would no 
longer be information givers with students acting as pas- 
sive recipients of knowledge. Instead, teachers would be 
coaches and mentors, and students would be cognitive ap- 
prentices who learn concepts and academic skills from 
teachers in much the same ways that apprentices learn from 
masters in the crafts. 

Although authenticity and new roles characterize 
problem-based learning, much of the work in pbl is de- 
fined by the social interactions of communities of practice. 
According to Wenger (1995), communities of practice are 
different from teams, groups, work units, and networks. 
It is engagement in the practice, not proximity, or simi- 
larity of work or function that defines the community. This 
is in part because the norms that emerge from common 
goals and shared work and from sustained interactions 
over time hold the community together. According to 
Wenger, 

We don t just live to do things mechani- 
cally, but also and perhaps foremost, to 
participate, to belong in specific ways 
through our engagement in practices. In- 
deed, it is in our belonging that we find 
identities as human beings and that we are 
thus able to experience the world and our 
lives as meaningful. (1995, p. 18) 
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Such communities of practice can be developed in any con- 
text in school with or without technology, although net- 
worked technologies are a great help, in building and sus- 
taining collaborative work. 



Research-Based Technology Projects 



The diverse uses of technology in schools include anything 
from programmed learning to artificial intelligence to net- 
worked projects linking students to databases and experts 
through the Internet. Generally, researchers with technol- 
ogy-rich classrooms assume that technology is a tool to 
achieve both academic and social goals (communication and 
collaboration). Research-based technology projects typically 
involve some variation of problem-based learning. Terc in 
Boston, for example, has developed the concept of project- 
enhanced science learning, or pesl, which is described more 
fully in the Profile from Gladstone school in Goal 5. 

A second example of pbl in which technology is used 
comes from the Cognition and Technology Group at Van- 
derbilt (1992). In their philosophy of anchored instruction, 
complex and interesting problems are presented in video 
narratives in which data have been embedded. Students 
constantly refer back to the video to retrieve bits of infor- 
mation as needed. Thus, the narrative is the conceptual an- 
chor for the problem and sustained inquiry. Students work 
in groups to solve the problems in different ways. 

A third example of a technology-rich approach to learn- 
ing is the Cooperative Networked Educational Community 
of Tomorrow (Co-nect). Each school in the Conect pro- 
ject develops its own application of core principles, such 
as providing students with authentic, interdisciplinary 
tasks and problems. In one Co-nect school, the school year 
is divided into four 9-week cycles, each with a different 
global theme. Students and teachers develop a class pro- 
ject collaboratively for each cycle. Some Co-nect schools 
engage in sustained inquiry in conjunction with worldwide 
scientific expeditions such as earthwatch's Mystery of the 
Pipe Wreck project in the Caribbean. In investigations like 
this, students and teachers can often download data from 



project sites, engage in data analysis, and communicate 
electronically with past project participants and current 
project staff (Bolt, Beraneck, & Newman, Inc., 1993). 

One Conect student, after an Internet search of more 
than 200 addresses, e-mailed a lawyer in Northern Ireland 
to ask for information on a research question: Can there 
be lasting peace in Northern Ireland? The lawyer replied 
with a two-page e-mail letter with current news and per- 
spectives on this issue. Although the unit described in the 
Profile from Abbott Middle School in Goal 4 is not part of 
the Co-nect project, the students and teachers plan to use 
technology as a tool in similar ways; in this case, to make 
a proposal for a public sculpture in the local community. 



Research on Expertise 



In the book, Surpassing Ourselves, Berieter and Scardamalia 
(1993) argue that expertise is a process of progressive prob- 
lem solving in which people continuously rethink and re- 
define their tasks. Progressive problem solving for experts 
becomes a disposition in which there is a need to contin- 
ually surpass their own performance, to make an original 
contribution, and to do better. Developing expertise in stu- 
dents involves, among other things, a process of continu- 
ally making knowledge public. This cultivates expertise by 
making thinking explicit, testing ideas against multiple per- 
spectives and different situations or conditions, enabling 
people to help each other, sharing objectives and resources. 
This act of making knowledge public is very different from 
current models of schooling. Indeed, Bereiter and Scar- 
damalia argue that schools lack most of the conditions that 
produce expertise; this deficit, they say, is a major prob- 
lem for America. 

To define conditions for the classroom, Bereiter and 
Scardamalia apply the conditions of scientific research and 
development (R&D), which focus heavily on writing for 
scientific journals. When publishing their work, scientists 
make their knowledge and thinking public and demon- 
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strate both individual contributions and contributions to 
the collective goals of the community; that is, knowledge 
building. Students in the classroom would therefore ben- 
efit from sustained inquiry, a focus on problems rather than 
categories of knowledge, progressive problem solving, and 
an emphasis on collective (group and classroom) goals. Re- 
garding the latter, the authors believe that assessment of 
students should be based at least in part on their contri- 
butions to the advancement of the collective knowledge 
rather than solely on individual attainment. In Bereiter and 
Scardamalia's design, teachers focus on ways to make stu- 
dent theories and hypotheses public through various 
processes, especially producing and explaining their own 
theories and hypotheses. 

Bereiter and Scardamalia developed a powerful com- 
puter-assisted learning environment called Computer Sup- 
ported Intentional Learning Environments (csile; in press) 
to apply these ideas in Canada and the United States. Re- 
grettably, neither csile nor its commercial version, Co- 
Learning, are readily available. 



Pbl for Educators 



Although, there is no basic research book on pbl for all ed- 
ucators, Bridges and Hallinger (1992) have written a classic 
book for administrators that teachers will find helpful. In 
this book the authors distinguish three types of instruction: 

1. Traditional instruction. 

2. Case-based studies that we would classify as something 
between pbl and text -based interdisciplinary instruction; al- 
though these studies focused on questions related to the 
cases (a pbl quality), the questions and issues were largely 
defined by the teacher. 

3. Pbl, which they define in terms of five characteristics. 

(a) The starting point for learning is a problem. 

(b) The problem is one that administrators in training 
are apt to face as future professionals. 



(c) The knowledge that they are expected to acquire 
during their professional training is organized around prob- 
lems rather than the disciplines. 

(d) Administrator students, individually and collec- 
tively, assume the major responsibility for their own in- 
struction and learning. 

(e) Most of the learning occurs in small groups rather 
than lectures, (p. 6) 

Clearly, this model for adult learners is very similar to the 
characteristics we have discussed for pbl for younger stu- 
dents, and was in fact heavily influenced by Barrows' work. 
Bridges and Hallinger also distinguish between problem- 
stimulated learning, in which students work in teams to 
address specific problems, and student-centered learning. 
With problem-stimulated learning, the problems, objec- 
tives, materials, and resources are defined largely, if not en- 
tirely, by the teacher. The Profile developed by imsa on 
garbage illustrates this approach to pbl. Student-centered 
learning emphasizes the goal of fostering the skills needed 
for lifelong learning. To address this goal, the instructor 
may present the problem as is typical in the workplace, but 
students identify learning issues they wish to explore and 
proceed to locate the materials and resources that pertain 
to their self-defined issues. 



Pbl as Codevelopment 



Although we define our model of pbl-cd in subsequent 
chapters, we feel it would be helpful to provide an overview 
here to place it in the context of the other models of pbl 
described above. Our model is based on the belief that peo- 
ple build expertise in problem-based teaching and learn- 
ing by engaging in progressive problem solving. Specifi- 
cally, we have designed the process as a series of cycles of 
making knowledge explicit and refining the thinking. Our 
basic cycle repeats four fundamental thinking processes: 
(a) understanding and planning, (b) acting and sharing, 
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Progressive Problem - Solving To Build Expertise 




Figure 1 Problem-Based Learning as Codevelopment: The Professional Development Model. Copyright 
B. Jones, C. Rasmussen, and M. Moffitt (1995). North Central Regional Educational Laboratory, 

Oak Brook, IL. Used by permission. 
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(c) reflecting, and (d) rethinking and revision. This cycle 
is shown in the small spiral in Figure 1. 

As illustrated, teachers engage in progressive problem 
solving in three major stages of our Professional Develop- 
ment Model: (a) during preliminary unit planning, (b) 
when planning and implementing teaching and learning in 
the classroom, and (c) when refining a pbl unit for the pur- 
pose of contributing to a community of practice. 

Teachers and students also use the progressive prob- 
lem solving cycle throughout their teaching and learning 
in the classroom when (a) identifying specific problems, 
(b) developing a plan of inquiry or work, (c) conducting 
the inquiry and analysis, (d) preparing and presenting the 
findings from the inquiry, and (e) debriefing and consoli- 
dation. 

As an example, while planning and implementing a pbl 
unit in the classroom, teachers use progressive problem 
solving to build their expertise about teaching and learn- 
ing. They engage in the equivalent of lesson planning for 
the ways in which the five phases of problem solving would 
play out in the classroom; share their plans with us or their 
colleagues; teach the unit, maybe even while being ob- 
served by a critical friend; reflect on their practice; rethink 
and revise on the basis of the experience including de- 
briefing with us or their colleagues; and, when possible, 
reteach the unit improving upon it. 

Pbl-cd has many similarities to the models described 
earlier, and in some ways it represents a synthesis of ele- 
ments of those models. That is, it has elements of exper- 
tise building, progressive problem solving, communities of 
practice, authentic contexts, and open-ended problems. 
Moreover, because we encourage teachers to apply research 
on learning and teaching to their unit development, many 
of our teachers choose research on multiple intelligences, 
the brain, collaborative learning, or service learning. 

Pbl-cd is unique in applying knowledge building and 
progressive problem solving as the focus for working with 
teachers and other educators in authentic tasks. That is, we 
work with teachers first on an authentic, problem-based 
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task of curriculum development so that they can fully ex- 
perience the codevelopment, progressive problem solving, 
and critical friend process before they teach it to students. 
Each of these features will be discussed more fully in Goals 
2 and 3. 

Pbl-cd emphasizes codevelopment in many ways: (a) 
between professional developers and teachers; (b) among 
teachers; (c) between teachers and students; and (d) among 
teachers, students, and the broader research and develop- 
ment community. The breadth and depth of codevelop- 
ment further distinguishes our model 

Finally, whereas Bereiter and Scardamalia developed 
their progressive problem solving primarily for students us- 
ing technology, we have developed our model for teachers 
and students with or without technology. 



SOME PRACTICAL ADVICE FOR IMPLEMENTING 
INTERDISCIPLINARY, PROBLEM-BASED UNITS 



Before we provide more detail about the key features of 
our model in the next chapter, we want to share some re- 
search that gives sound, practical advice on implementing 
interdisciplinary, problem-based learning. First, Roth and 
others caution to start small with a unit developed by one 
teacher or a small group over a relatively short period of 
time, such as 2 to 6 weeks (cited in Willis, 1995, p. 3). It 
is hard to devote adequate attention to designing powerful 
learning opportunities for a semester or year-long unit if it 
is the first time the teacher is responsible for collaborative 
skills, alternative scheduling, teaming, or providing diverse 
resources. 

Second, Roth (in Willis, 1994) argues that "thematic 
units often fail to focus on powerful ideas or organizing 
concepts from the disciplines" (p. 3) because teachers of- 
ten select concepts to go with the theme rather than focus 
on what students need and want to learn. Thus, important 
content may not be well integrated or may even be over- 
looked. Moreover, in multidisciplinary approaches it is easy 
for one discipline to overshadow another. One good strat- 
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egy for addressing these problems is to begin with a good 
concept map of essential material to cover in each subject 
area. Then teachers can frequently refer back to the map 
and develop ways to involve students in learning oppor- 
tunities that focus on those concepts. In Goal 5 the Profile 
developed by Edison to create a museum display on par- 
allel evolution was mapped in this way. Another strategy 
is to pay close attention to national, state, and local stan- 
dards and benchmarks within each subject. Several of the 
Profiles in this book involved working back and forth be- 
tween the standards and content. 

Third, it is vital to honor students' interests (Krogh, 
cited in Willis, 1995, p. 3) as well as their culture and past 
experiences. This is important for learning as well as for 
self-esteem and motivation. We need to take individuals 
and groups of students where they are and develop vari- 
ous social and interpersonal skills, recognizing that each 
group of students will be different in its social and cogni- 
tive abilities as well as interests. Although many of the Pro- 
files in this book attend to these issues, they are a major 
focus in the two Profiles in Goal 4 on cross-cultural 
projects. 

Fourth, various strategies exist for team teaching, 
scheduling planning meetings, and unit organization. Ja- 
cobs (1989) presents teachers with options as simple as 
having two teachers organize or "correlate" the subject mat- 
ter in their individual courses to support and reinforce the 
other. For example, if a social studies teacher focuses on 
problems related to the internment of Japanese Americans 
during World War II, the English teacher's literature course 
could be sequenced to provide various types of prose writ- 
ten by internees. More complex units beg for common 
planning time and scheduling sustained periods of study. 
Kasak (in Jones, Rasmussen, & Moffitt, 1996) stresses that 
the following time-related elements need to be put in place: 

□ Common team planning in excess of four times a week 
in addition to the teacher's individual preparation time. 

n Duration of common planning time equal to 40 minutes 
a day. 
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□ Smaller teacher-student ratios on each interdisciplinary 
team, with optimal team size under 120 students for 5 
to 7 teachers. 

□ Time for teams to improve their performance as a team. 

Finally, Blumenfeld and her colleagues (1991) indicate that 
pbl and its predecessor, learning by doing, had very good 
results but the results were not as widespread as desired. 
They believe that this is largely because projects were ad- 
vanced and disseminated without adequate appreciation of 
the teacher knowledge and skills needed to implement 
them effectively. Among other things, it was not well un- 
derstood how much knowledge was required to motivate 
and engage students in challenging tasks, how to consider 
questions from the point of view of the student, how to 
manage the complexity of the classroom, or how to pre- 
pare students for participation in projects. 

At the same time, the authors argue that the design of 
problem-focused projects can address these issues. For ex- 
ample, student interest and the perceived value of the les- 
son will be enhanced when (a) tasks are varied and include 
novel elements, (b) the problem is authentic and chal- 
lenging, (c) artifacts are created providing closure and ev- 
idence of participation, (d) there is choice about what or 
how the work is done, and (e) there are opportunities to 
work with others. 

Our model, pbl-cd, has features that address each of 
these design issues. In the next Goal we discuss those fea- 
tures and some of the ways in which students, teachers, 
administrators, and support staff have responded to prob- 
lem-based teaching and learning and the professional de- 
velopment of such practices. 



SELF-DIRECTED ACTIVITIES 



GJ Understanding and Planning: In the self-directed activities following the Introduc- 
tion you identified one or more practices that you were "truly ready to change." Identify 
the ways in which research and best practice support your changes and stimulate further 
planning. Think about the cognitive, motivational, and functional grounds for pbl, as well 
as the Pease Middle School example and the various approaches to pbl discussed in this 
goal. 

What practices are you In what ways does the research 

ready to change? on learning support this change? 



Given the practical advice offered in this goal, what ideas do you have for your next 
steps? 
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Acting and Sharing: Select one or more of the practices you have identified above 
and try them in your classroom. Share your experiences with one or more critical 
friends. Describe your plans for your informal conference below. 
The process for a critical friend dialogue should include 

□ sharing your desired outcome for the conversation 

□ asking your critical friend to practice active listening and ask clarifying questions 

□ asking your critical friend to offer constructive, nonjudgmental feedback 



ej 



3 1 Reflecting: Reflect upon your experiences in trying out and sharing your interdisci- 
plinary problem-based practices. List or in some way represent them (metaphor, graphic 
organizer, icon). 



ET 



Rethinking and Refining: What are the implications of this for further refining your 
practice? 
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In Goal 1 we made the case for problem-based learning 
(pbl) in general, and for our model of Problem-Based 
Learning as Codevelopment (pbl-cd) in particular, sharing 
evidence from research and best practice. Now we want to 
describe specific features of pbl-cd, many of which you'll 
recognize in the research- and field-based examples through- 
out this book and in the practice of educators like Bill and 
Carmen. 
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There are eight key features of Problem-Based Learn- 
ing as Codevelopment (see Figure 2). 

1 . As do all models of problem-based learning, pbl-cd ad- 
dresses complex issues and open-ended questions or prob- 



challenging 



interdisciplinary 



local 
community 



global 
community 



Open-ended 
Questions 
or Problems 



messy data 



real world 



V 



state & 
national 
government 



Community 
Service 



advance *" 
organizers 



Graphic 
Representation 
of Text 



summarizing and 
debriefing 



students involved 
in design and 
ass essment \ 



Student- 
Centered 



new student & 
teacher roles 



authentic 
audiences 



Authentic 
Tasks 




expertise as 



meaningful 



action 



Progressive 
Problem Solving 



"critical 
-friend 1 ' 
review 
process 



measures process 
and product 



1 



Performance-based 
Assessments 



aligned with 
curricular standards 



model designed 
with author teams 



teachers 
with students 



Communities 
of Practice 



Figure 2 Key features of Problem-Based Learning as Codevelopment Copyright B. Jones, 
C. Rasmussen, and M. Moffitt, (1995). North Central Regional Educational Laboratory, Oak Brook, IL. 

Used by permission. 
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lems. Open-ended questions, often referred to as ill-struc- 
tured problems, are innately challenging in part because 
there is no single correct response or simple answer. These 
questions often involve messy data that may be incomplete, 
inconsistent, or ambiguous. In addition, each question has 
multiple perspectives and is broad enough to involve mul- 
tiple disciplines. And even though students have a limited 
amount of time to find answers, open-ended questions 
stimulate students to look into various resources and modes 
of inquiry. 

2. In the pbl-cd model, it is important that learning takes 
place within the context of authentic tasks. This principle 
is common to all constructivist approaches including prob- 
lem-based learning. In these approaches, tasks, issues, and 
problems for students are aligned with the tasks, issues, 
and problems in the real world — including all their com- 
plexities, messy data, multiple perspectives, and potential 
solutions. This is one aspect that makes them authentic. 
Another aspect is the audience. The question we always 
ask in examining or creating an authentic task is, Who 
cares? If the teacher and student care only for the purposes 
of a grade, it is not authentic. Authentic tasks and perfor- 
mances necessarily involve contexts and audiences that are 
meaningful to the student such as local community mem- 
bers and parents, experts, the broader business commu- 
nity, and policymakers. Such audiences make the work val- 
ued in a culturally important social context. 

3. Another feature of our model is that students and teach- 
ers engage in progressive problem solving. Although other 
models of problem-based learning incorporate problem 
solving, this feature in our model was adapted from Bere- 
iter and Scardamalia's (1993) concept of progressive prob- 
lem solving for students discussed in Goal 1. Progressive 
problem solving, as we use it, incorporates four funda- 
mental thinking processes: (a) understanding and plan- 
ning, (b) acting and sharing, (c) reflecting, and (d) re- 
thinking and refining. Teachers and students engage in this 
progressive problem solving cycle throughout investiga- 
tions in the classroom and community. We also use this 
concept to develop learning environments for teams of 
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teachers and others who, in turn, develop teaching-learn- 
ing approaches and share their research. We refer to these 
groups as author teams because they are developing their 
research in the classroom as curriculum studies. 

□ We urge author teams to focus on developing expertise 
as a goal for themselves: We ask teachers to develop ex- 
pertise in their unit subject matter, skills, and instruc- 
tional strategies by teaching the unit, or a variation of it, 
repeatedly. 

n We want teams to understand that they are part of an 
educational R&D community that values expertise and 
applying research to teaching and learning. Specifically, 
we encourage teachers to engage in progressive action 
research so that they continually refine their theories of 
learning and teaching by conducting classroom research. 

□ To provide multiple perspectives, quality control, and 
self-reflection, we introduce critical friend review 
processes. We ask each team to take on the role of crit- 
ical friends with one another in order to provide feed- 
back in the form of clarifying questions, helpful critiques, 
and advocacy (Costa & Kallick, 1993). 

□ Finally, we use a Profile template as a set of flexible guide- 
lines for author teams to refer to when describing the de- 
sign and development of pbl units so that the broader 
learning community can discuss and build on the re- 
search, design, and experiences of each generation of 
teacher teams. 

4. In pbl-cd authentic tasks and problem-based inquiry ne- 
cessitate performance-based assessments. Presentations of 
authentic work can not be adequately measured only by 
traditional tests. Assessment that measures both the process 
and the final products of an investigation provides more 
information about progress, about what has been learned, 
and the ways in which leaning is meaningful. Assessment 
that takes place throughout the pbl process is also more 
likely tc be seamless — that is, a more natural and well-in- 



tegrated part of instruction. We have found that it is par- 
ticularly important to align performance-based assessments 
with curricular standards and benchmarks. 

5. A major goal of our model is to engage teachers, stu- 
dents, and others in a codevelopment process as members 
of communities of practice. Pbl-cd involves codevelopment 
in several ways: among teachers; between teachers and stu- 
dents; and among teachers, students, and the broader com- 
munity. First, we want teachers to experience the codevel- 
opment process as authors engaged in the authentic task 
of creating pbl curricula and sharing them with colleagues 
within their school communities. This book, in fact, rep- 
resents an authentic product that extends that sharing to a 
broader community of practice. Although the members of 
our pbl-cd community of practice may not have known 
each other well or related in other contexts, problem-based 
learning provided the structure to our relationships and al- 
lowed the common work to advance. Second, codevelop- 
ment means that teachers consult students about the prob- 
lems, issues, and questions of interest to them; about what 
goals, experiments, and inquiry methods they think are 
most appropriate to address their problems; about what as- 
sessments and criteria are appropriate for quality work; and 
about other aspects of the work. Therefore, the role of 
the teacher is that of coinvestigator, codeveloper, and 
colearner, not giver of information. The teacher and stu- 
dents are members of a community of practice that, in 
many cases, extends well beyond them and their classroom 
walls. 

6. As with most constructivist and problem-based models, 
in pbl-cd the teaching-learning process is student-centered 
in specific ways. When teachers involve students in defin- 
ing the tasks, problems, and issues, the students will have 
greater ownership for learning and they will be highly mo- 
tivated to work through an inquiry process (Blumenfeld et 
al., 1991). This feature of pbl can be very challenging for 
many teachers. It is not easy to anticipate student-gener- 
ated tasks and problems and, at the same time, link them 
to the array of curriculum objectives, learner outcomes, and 
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required assessments. Yet when both students and teach- 
ers move toward expanded roles of colearners, coinvesti- 
gators, coproducers, and coevaluators, learning becomes 
more engaging for all. 

7. As with many constructivist instructional approaches, 
our model involves an emphasis on using graphic repre- 
sentations of text (or organizational patterns as they are 
sometimes called) at various points in the pbl-cd process 
(Jones, Pierce, & Hunter, 1988). These include graphs 
such as tables, flow charts, Venn diagrams, cycles, and con- 
cept maps as well as the traditional semantic webs. The 
graphs and organizational patterns serve different purposes 
throughout the teaching and learning processes. Examples 
of their use are integrated into the illustration offered in 
Appendix C. 

8. Finally, we encourage author teams to consider the el- 
ement of community service discussed in Goal L This is 
in part because we want to help reconnect schools to the 
local community, the business community, higher educa- 
tion, and policymakers. Tasks that involve services for the 
community make the work and its assessment more mean- 
ingful. Moreover, working with the community provides 
multiple perspectives and authentic audiences. 



IMPACT ON MEMBERS OF THE COMMUNITY 



The transformation from other approaches to problem- 
based learning differs for groups in both benefits to be 
gained and issues to be resolved, including the issue of 
readiness. Teachers like Bill and Carmen, who already have 
some of the values and skills needed for this approach, may 
find the process of change relatively easy (and both scary 
and exciting). However, for educators, students, and oth- 
ers who need a lot of structure, quiet, predictability, and 
adherence to rules, this approach may not initially be too 
appealing. In this section, we discuss the benefits and im- 
plementation issues for the various groups involved in 
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change: students, teachers, principals, district staff, librar- 
ians, media specialists, and technology providers. 



Students 



We saw in Goal 1 that pbl students are generally more 
highly motivated, have deeper and more lasting compre- 
hension, are better problem solvers, and have better com- 
munication and collaboration skills. There is also much in 
the literature on pbl about the growth that takes place when 
students take on new collaborative roles such as leader, 
synthesizer, critical friend, evaluator, and planner as well 
as various team roles. As teachers become more collabora- 
tive, students feel freer to formulate their own questions, 
define problems (including ones they have in the class- 
room), help others spontaneously, and solve problems on 
their own. 

What teachers report to us and what we observe about 
students who use pbl-cd is the sense of community and 
shared responsibility that develops in the classroom if 
learning outcomes and assessments are codeveloped and if 
students regularly use critical friend processes. Moreover, 
teachers and principals in our project frequently comment 
about how much more powerful it is when presentions and 
assessments are public and the students have the oppor- 
tunity to debrief, a process incorporated into many pbl 
models but often left out by researchers and teachers. 

One potential negative effect sometimes noted in pbl 
classrooms is that high-achieving students who are used to 
getting good grades based on their ability to learn isolated 
facts and skills sometimes experience anxiety as pbl is in- 
troduced into the classroom. Typically, such students are 
used to having the right answers and having both teachers 
and other students look to them for leadership and for set- 
ting the standards. In pbl activities, initially they may feel 
that they no longer have that edge. These students go 
through a period of adjustment as they learn to respect the 
opinions and abilities of others. This problem typically di- 
minishes though as they learn how pbl and collaborative 
processes work and how empowering it is to codevelop 
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problems and a plan of work with students in other schools, 
teachers, and other adults. 

Another concern is that, as with any type of coopera- 
tive learning, some students may be willing to allow the 
more active and high-achieving students to do all the work, 
or more than their share of the work. This is why it is im- 
portant for teachers to provide ways to assess individual 
work as well as group work. The reality is that such stu- 
dents are often less active in the classroom anyway, but in 
a collaborative or cooperative context, there is the issue of 
fairness to the rest of the group as well. Working in such 
groups can be a stimulus to engage these less active stu- 
dents in interaction with peers and self-assessment to re- 
flect on their behavior and develop new standards and com- 
mitments to learning. 

In the final analysis, we believe that interdisciplinary 
pbl units can have very dramatic results for students. The 
Profiles in Goals 4 through 7 provide examples of students 
engaged enthusiastically in very challenging tasks. 



Teachers 



Because problem-based learning is typically interdiscipli- 
nary, some of the teacher responses arise from the experi- 
ence of cross-disciplinary teaming. Teaching in teams nec- 
essarily takes teachers out of isolated classrooms, allowing 
much greater opportunity to discuss the past experiences, 
culture, and needs of individual students and to work to- 
gether to meet student needs. 

A statewide survey of middle and high schools imple- 
menting such approaches reveals that most teachers also 
experience greater satisfaction and appreciate the level of 
support provided to them by their teams (Kasak, in Jones, 
Rasmussen & Moffitt, 1996). The Carnegie Corporation re- 
port (1989), Turning Points: Preparing American Youth for 
the 21st Century, was a major catalyst in the movement to- 
ward team teaching with its recommendation to create 
small communities for learning. 

Kasak's review of the literature on teaming found four 
broad areas of team functioning: curriculum coordination; 



coordination of student assignments, assessments, and 
feedback; parental contact and involvement, and contact 
with other building resource staff. Each of these areas has 
particular activities and areas of mutual support associated 
with it. For example, the area of curriculum coordination 
includes: 

□ Setting goals and objectives related to student learning 

□ Planning special team projects and activities 

□ Developing community learning opportunities and ac- 
tivities for students working together 

□ Integrating, coordinating, and evaluating curricula across 
subject areas 

□ Using block scheduling to achieve instructional goals 

Other, teacher responses to problem-based learning re- 
late to the shift from reliance on textbooks to student-gen- 
erated data and materials, the use of technology, and de- 
ployment of others outside the school as teachers, role 
models, and experts. The following e-mail from Kim Ala- 
mar at Whittier Elementary School reflects a response that 
we see quite often: an enthusiasm that is sometimes ex- 
hausting but always exciting. 

Kids brainstormed ideas like creating a 
video, radio announcements, etc. We de- 
cided/guided them to publish a newspa- 
per. Using the questions, the kids broke 
into research groups by secret ballot, cre- 
ated group behavior rubrics, and then 
dove into research via fax, Internet inter- 
views, and books. It was truly exciting and 
draining. There were times when students 
were in four different areas of the build- 
ing. As a teacher, that is one of the most 
difficult, no control-type of feelings. We 
survived and had terrific responses from 
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scientists and experts from all over the 
USA. (personal communication, Novem- 
ber 1995) 

This methodology and Kim's work in general represent 
a major leap forward in understanding and implementing 

PBL-CD. 

Many teachers new to pbl ask about developing the 
competencies students need for inquiry and self-regulated 
learning (Blumenfeld et al., 1991). Students need to have 
sufficient knowledge of content and skills to raise interest- 
ing questions and conduct research. Also, it is desirable 
that they also have some proficiency at using technology 
as tools for their research. Finally, they need strong cog- 
nitive and metacognitive skills to generate plans, system- 
atically make and test predictions, interpret evidence, and 
come up with good solutions. While this is a challenge for 
some teachers, the reality is that pbl tasks and thinking 
processes engage students' interest so thoroughly that such 
competencies develop more rapidly than expected in most 
instances. 

Another interest and role that teachers are often ready 
to contemplate is how to involve local community mem- 
bers as resources for learning and audiences for public pre- 
sentation or performances. We have been amazed at the 
creative, energetic, and successful ways that teachers have 
involved students in the community. One class conducted 
research on a nuclear reactor that would be located near 
them. Part of their research involved communicating their 
results to the local press and to local policymakers. One of 
the teacher-authored profiles in this book involves students 
building a display for the local children's museum; other 
profiles involve addressing a local health problem, a pro- 
posal for a public sculpture that students submit to the City 
Council, and the problem of garbage within the commu- 
nity. There are many wonderful and often powerful rewards 
for connecting students to local and global communities. 
These new learning opportunities encourage teachers to be 
entrepreneurs, expanding their students and their own in- 
terests and horizons. 



Principals and District Staff 



Researchers recognize that problem-focused, learning-cen- 
tered approaches need more time and flexible scheduling 
than is allotted in the typical school (e.g., R. Jones, 1995; 
Schoenstein, 1995). Indeed, Kasak (in Jones, Rasmussen, 
& Moffitt, 1996) concludes that because it takes time to 
develop units and teacher expertise and comfort, adminis- 
trators and district support must be present to establish a 
school-within-a-school program. They must be willing to 
create opportunities for teachers to take risks and for ac- 
ceptance of innovation. We agree with Kasak that it is vi- 
tal that principals and district staff provide adequate time 
for teachers to develop pbl units (see Goal 1). We affirm 
the importance of supporting a school climate for calcu- 
lated risk-taking and sound experimentation. We have 
found that it is possible to create successful problem-based 
approaches to interdisciplinary teaching and learning with- 
out creating a school-within-a-school in formal ways. For 
example, at Whittier Elementary, the principal was work- 
ing toward involving all teachers in at least two pbl units 
per year. In the Edison Profile in Goal 4, the principal 
wanted to launch a single, powerful pilot unit involving 
multiple grade levels for a number of weeks. In other in- 
stances, the whole school may be involved in a large-scale 
pbl project such as building a space shuttle simulation or 
solving a community problem. 

Principals and schools benefit from becoming involved 
in the development of units. Through their involvement 
they can assure that the subject areas are balanced and well 
integrated, not just correlated or integrated superficially. It 
is very easy for one subject area to dominate (Willis, 1994); 
however, the principal can seek a good alignment of ob- 
jectives within and between subjects and grades. There is 
also the question of balance between encouraging teachers 
to take risks, and meeting certain local and state objectives. 
Participating in performance -based assessments and their 
debriefing would be a valuable experience for principals 
wherever this is possible. Assuming a greater role in pbl 
unit development will likely involve principals and district 
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staff in more collaborative team conferences rather than in 
more directive approaches. 

For our own work, the story of two elementary prin- 
cipals from very different schools is noteworthy. Sheila 
Schlagger, principal of Edison Regional Gifted Center, and 
Irene DaMota, principal of Whittier Elementary, had never 
met before this project. However, as a result of our pbl-cd 
community of practice, they collaborated to write a grant 
proposal to provide "practitioners' collaboratories" in their 
schools and four others. This concept and the proposal 
writing process they undertook, embodies the very best in 
community of practice and codevelopment concepts. In 
this grant, which they won, teachers from each school will 
visit and learn from the teachers at the other school, col- 
laborating to develop problem-based units. Teachers and 
principals at both schools will also work to develop as- 
sessment strategies that demonstrate both the talents of the 
teachers and the abilities of the students in ways that com- 
munity members and policymakers can accept. 



Librarians, Media Specialists, and Technology 
Providers 



In the past, the roles of librarians, media specialists, and 
technology providers were typically support roles at best. 
As interdisciplinary and problem-based learning have 
flourished, persons in these roles have often had the op- 
portunity to become leaders within schools, districts and 
states, and the country (Jones, Valdez, Nowakowski, & Ras- 
mussen, 1994). 

Sometimes the roles of this leadership have been work- 
ing with teachers and principals to design units. These roles 
are illustrated both in the parallel evolution unit developed 
by the librarian and media specialist at Edison (in Goal 5) 
and in the sculpture unit developed by a Waukegan 
middle school teacher, Ted Injasulian, with the support of 
the district middle school technology coordinator, Jo 
Williamson (see Goal 4). In Waukegan, the high school li- 



brary media specialist, Jane Yoder, provides support to lo- 
cal teachers in curriculum writing and extends her leader- 
ship role to state professional organizations. 

Sometimes this leadership has focused on implement- 
ing problem-based learning opportunities throughout a 
state or on the Internet. (See Profile about the Discovery 
Channel Internet site developed by Will Duggan and An- 
dree Duggan in Goal 7.) We feel that these changing roles 
are long overdue and will benefit students and teachers 
where these new support roles emerge. 



Professional Development Specialists and 
Researchers 



The shift from teaching to learning and the parallel shift 
from learning as individuals to learning in teams and 
groups involved in codevelopment has profound conse- 
quences for the beliefs and behavior for professional de- 
velopment specialists and researchers. Some have wanted 
to take small, careful steps, being cautious to maintain the 
quality of the instruction. Others boldly embrace and cre- 
ate new ideas, forge new paths, and anticipate a new era 
with greatly expanded roles for adults and children. Yet 
however cautious or grand the ambition, clearly the jour- 
ney is as important as the products, and that journey can 
be very exciting. We have already described in the Preface 
how powerful these shifts have been in our lives. We are 
pleased also to learn of other professional development and 
research groups moving more toward involving teachers 
and others in problem-based learning and codevelopment 
experiences. The Illinois Mathematics and Science Acad- 
emy Profile in Goal 7 is an example. 

Now that you have an understanding of the key features 
of pbl-cd and their impact, in the next chapter we want to 
resume our journey, charting a path, step by step through 
our model of interdisciplinary, problem-based learning. 
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SELF-DIRECTED ACTIVITIES 



L_l Understanding and Planning: Select a unit of study which you would like to make 
more interdisciplinary and problem-based. Use the features of Problem-Based Learning as 
Codevelopment (pbl-cd) to analyze and further develop your unit. 



Features of pbl-cd 


Description of current unit: 


Plans for making this unit more 
interdisciplinary and problem-based: 


Open-ended 

questions/ 

problems 






Authentic tasks 






Progressive 
problem-solving 






Performance-based 
assessments 






Codevelopment 






Student roles 






Teacher roles 







Real-Life Problem Solving 



Graphical 
representations 






Community service 







Acting and Sharing: Share your analysis and plans for further development of your 
unit with a critical friend or friends. Talk about the potential impact of these changes on 
students, colleagues, parents, and others in the school community. Describe your plans 
for your informal conference below. 
The process for a critical friend dialogue should include 

o sharing your desired outcome for the conversation 

□ asking your critical friend to practice active listening and ask clarifying questions 
o asking your critical friend to offer constructive, nonjudgmental feedback 
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Reflecting: Reflect upon the analysis and plans shared with and by your critical 
friend(s). List or in some way represent them (metaphor, graphic organizer, icon). 



| 4 | Rethinking and Refining: What are the implications of this for further refining 
your unit? 



Real-Life Problem Solving 




Planning and Implementing Problem- 



Based Learning as Co-development 



The path we are about .to follow, step by step, through 
pbl-cd will show you both the complexity and the richness 
inherent in this professional development and curriculum de- 
velopment model. Along the way, we will get reacquainted 
with our fictional teacher team of Bill, Carmen, Eric, and 
Coretta as they illustrate the process of planning a pbl unit 
and show us what pbl "looks" and "sounds" like in the 
classroom. 
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Much of the time used for creating a pbl unit should 
be put into planning. The Planning Flowchart in Figure 3, 
illustrates the major steps in preliminary planning for a pbl 
unit. The Flowchart is meant to guide a team of teachers 
in their up-front, behind-the-scenes planning, moving from 
general considerations to specific decisions, from generat- 
ing a large pool of ideas to choosing and refining tasks and 
problems for investigation. It is a somewhat complex 
process. Yet careful consideration of each aspect in the pre- 
liminary planning stage is more likely to result in an inte- 
grated, well-aligned, defensible unit of study. 

The question and answer format that follows represents 
many of the questions that teachers ask as they plan pbl 
curriculum and instruction. It seems a natural and "inter- 
active" guide for reflective practitioners to use when walk- 
ing through the planning process. 

Where do we begin? How do we set the parameters for our 
pbl unit? 

In order to choose the parameters for a pbl unit, a nat- 
ural starting point for most teachers is the selection of dis- 
ciplines for a pbl study. Often one subject area serves as 
the basis of study, with other disciplines being integrated 
into that area. That was certainly the case with many of the 
teacher-authored profiles in the chapters that follow. Some- 
times multiple disciplines are more or less equally inte- 
grated (i.e., mathematics and science or the humanities). 
For the purposes of planning a pbl unit, it is necessary for 
you to choose two or more subject areas for interdiscipli- 
nary study. 

Given the important role that local, state, and national 
standards play in many schools, standards that must be ad- 
dressed as a part of school improvement or reform should 
be given early consideration. A consideration of standards 
up-front does not mean that pbl should be standards- or 
outcomes-driven. Instead, it sets the stage for a later pur- 
poseful integration of standards into the unit and is more 
likely to result in a well-aligned, defensible course of study. 



PROBLEM-BASED LEARNING AS CODEVELOPMENT: 
PRELIMINARY PLANNING FLOWCHART 



CHOOSE PARAMETERS FOR PROBLEM-BASED LEARNING UNIT 




ANTICIPATE ROLES, 


ASSESSMEf 


rrs AND LOGISTICS 


GENERATE ROLES OF 
STUDENTS, TEACHERS, 
AND OTHERS 


IDENTIFY HUMAN, 
TECHNOLOGICAL. 
AND MATERIAL 
RESOURCES 


CONSIDER 
ASSESSMENT 
CRITERIA AND 

FORMATS 


IDENTIFY LEARNING 
SITES IN/OUT OF 
SCHOOL 


CREATE 
TIMELINE FOR 
UNIT OF STUDY 



Figure 3 Preliminary planning flowchart Copyright B.Jones, C. Rasmussen, and M. Moffitt. (1995). 
North Central Regional Educational Laboratory, Oak Brook, IL. Used by permission. 
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In addition, some of the professional standards and bench- 
marks, such as those in the Association for the Advance- 
ment of Science's Project 2061, identify big ideas and deep 
principles that can serve as meaningful sources of poten- 
tial problems for the pbl unit and strengthen the curricu- 
lum overall. 

The pbl-cd model has also brought the research base 
to the forefront. It is particularly important for a more 
open-ended investigation like problem-based learning to 
be well-grounded in both theory and best practice. So this 
is the optimal time to identify any research base that is es- 
pecially important to your team. For example, a couple of 
the pbl Profiles that follow are based in part on multiple 
intelligences theory and practice (Gardner, 1993). This 
early consideration of the research base helped to shape 
the broad task and problem that became the guiding force 
in the pbl unit. 

Another consideration that might help define the pbl 
unit is the availability of one or more exceptionally rich 
human, material, or technological resources. For example, 
an artist-in-residence, a school prairie or garden plot, a lo- 
cal community problem or program, or a technology-based 
program might serve as a catalyst for a unit. 

By choosing the subject areas and considering possi- 
ble standards, research bases, and resources as parameters 
for your pbl unit, you are likely to begin discussing possi- 
ble problems. In fact, it is not uncommon for the choice 
of disciplines to prompt the suggestion of meaningful prob- 
lems and questions for study — problems and questions 
based on important subject area concepts and principles. 
If potential problems do not emerge here, they will, in all 
likelihood, be a part of the next step in the planning 
process. 

What other things should we consider before identifying the 
likely problem for study? 

It is important to explore further and identify the es- 
sential elements of curriculum and instruction for each sub- 
ject area and to make connections among them, beginning 
with content-specific concepts and skills. It may be help- 



ful to begin by considering big ideas, concepts, and skills. 
This focus on each of the disciplines involved and their 
connections assures that content rather than pure interest, 
available resources, or fragments of content and skills be- 
comes the primary "driver" of the pbl unit. 

A second, equally important consideration is that of 
the students. In pbl there is a deliberate effort to build 
knowledge, beginning with the knowledge that students 
bring to the learning experience. Therefore, a discussion 
of students' prior knowledge and strengths is valuable at 
this point. It is also important to identify students' inter- 
ests, especially as reflected in their cultural backgrounds 
and in issues of relevance to them. A practical, early con- 
sideration for many teachers is the range of special needs 
of their students. A discussion of needs can be helpful in 
identifying the potential roles of students in problem- 
based learning. Many teachers have found that behavior 
problems diminish during pbl and that previously uniden- 
tified strengths emerge during small group work. A dis- 
cussion of your students' needs as well as their prior 
knowledge, strengths, and interests is likely to yield more 
promising planning. 

Finally, it is beneficial to identify cross-curricular 
strategies and skills, including pertinent critical thinking 
and general problem-solving skills, social and cognitive 
skills needed for collaboration and knowledge building, 
study strategies, and technological skills. 

It may be very helpful for you to brainstorm and dis- 
play all of these elements so that connections are visible, 
and so that the lists can be revisited and added onto with 
further planning. We have known teams of teachers who 
have put these lists up on chart paper in the teacher work- 
room or lounge. This display enabled their colleagues to 
see at a glance how a single problem-based unit could in- 
corporate multiple outcomes. It also encouraged the team 
to reflect continually on their planning. 

These elements of curriculum and instruction, along 
with the standards identified in step 1, naturally lead to 
the "broad student outcomes" described in the pbl Profiles 
in subsequent chapters. They are instrumental in planning 
for well-integrated, defensible pbl units. 
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What problem do we really want students to investigate? 
How can we be sure that the task and problem are big enough 
and rich enough to address multiple goals? 

While engaging in the brainstorming and analyzing de- 
scribed in step 2, meaningful topics and themes usually 
emerge, and it is possible to develop broad tasks and prob- 
lems for study. The challenge of this step in the process is 
to go well beyond the identification of an interdisciplinary 
topic or theme to the articulation of one or more potential 
authentic tasks and problems. It is critical to keep the task 
and problem broad — big enough to allow for student -gen- 
erated problems for later small group inquiry. If a task and 
problem are too narrowly defined, they will limit student 
codevelopment and ownership of the study. It may he help- 
ful to you to pose the questions listed in Exhibit 1 to fa- 
cilitate this sometimes difficult transition from meaningful 
topic to significant problem . 



EXHIBIT 1 



Questions for Transforming Study Topics Into Problems 



In whai ways are the task(s) and problem(s) worth knowing or significant to the 
lives of students and society? 

How do the task and the problem . . . 

D represent authentic, real world tasks? 

D incorporate multiple goals? 

B respond to student interests? 

o encourage student-generated problems? 

□ lead to multiple tasks and investigative activities? 

o< 



Real-Life Problem Solving 



How can we be sure that our problem and task best rep- 
resent our curriculum and instruction? 

Once you have agreed upon a broad task and prob- 
lem, it is beneficial to check for coherence between the task 
and problem and the elements of curriculum and instruc- 
tion (from step 2). Perhaps there could be a better fit, or 
maybe something is missing and the task and problem sug- 
gest additional elements for integration. 

Who can give us helpful feedback on our preliminary ideas? 

It is also beneficial to test out your ideas and gather 
feedback from others, including other teachers, resource 
specialists, and administrators, as well as available experts- 
in-the-field. It can be very insightful to gather feedback on 
preliminary ideas from students and parents, too. 

This is the first of several pivotal points in the pbl-cd 
professional development process where teams of teachers 
take on the role of "critical friends" with one another. 
Guidelines for engaging in the critical friend process, 
adapted from Costa and Kallick (Jones, Rasmussen, & Mof- 
fitt, 1996), follow: 

D Learner team sets desired outcomes for the conference. 
For example, the team may ask for specific types of feed- 
back such as the appropriateness of the open-ended 
question or seek overall reactions. Learner team provides 
a "practice" (e.g., draft plan for a pbl unit or an obser- 
vation of a pbl activity). 

D Critical friend team asks questions to clarify the desired 
outcomes and the practice. 

□ Critical friend team provides feedback about what seems 
significant about the practice. 

D Critical friend team provides constructive feedback — 
raises questions or makes suggestions to guide the learner 
team to consider higher objectives, to see things from a 
different perspective, or to make the process more ef- 
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fective. Critical friends try to come up with a solution to 
any problem they find or work with the learner team to 
figure out a solution. 

□ Both learner and critical friend teams reflect and write. 
The critical friend team writes to the learner team with 
suggestions appropriate to the desired outcomes. The 
learner team makes notes on the conference. 

In general, the learner team needs the critical friend 
team to provide only constructive feedback, without judg- 
ing; to listen actively, taking time to understand the "big 
picture" and the process of planning or implementing; and 
to advocate for their success and the success of the work 
of the community of practice. 

How can we further refine our task and problem? 

Following a check for coherence and feedback from 
others, you may find it necessary to rethink and refine the 
task or the problem. In all likelihood, this will mean a small 
but meaningful rewording of the broad task or problem. It 
could, however, mean a more substantive reworking of the 
task or problem. Keep in mind that it is better to make the 
refinements now rather than once the unit is underway. It 
is especially helpful to state the problem in the form of an 
open-ended question to pose to students. 

Now that we've defined the task and problem, how do we 
provide for student codevelopment? 

Stating the problem as an open-ended question will 
better enable you to anticipate possible student generated 
problems and tasks of interest. From the perspectives of a 
diverse group of students, what kinds of subproblems and 
tasks does the question suggest? Of course, brainstorming 
responses is easiest if you know your students, but it can 
be a helpful way to anticipate student-generated problems 
and tasks even if you do not know them. (It may be use- 
ful to return to earlier lists of student knowledge, strengths, 
and interests.) The purpose of this brainstorming is not to 
set the subproblems, as you have the broad task and prob- 



km. Instead, it enables teams to appreciate better the depth 
and range of possible responses and to begin planning for 
ways to support students in their identification and inves- 
tigation of subproblems and tasks. 

What other things would be helpful to anticipate before we 
plan for the actual day-to-day classroom instruction? 

Brainstorming possible student-generated problems for 
later small group inquiry will enable you to anticipate 
needed roles, assessments, and logistics for this specific pbl 
unit. In order to support student codevelopment, it will be 
helpful to consider the ways in which student and teacher 
roles might change. As described in Goal 2 and in the pbl 
profiles that follow, teachers become facilitators, guides, and 
often co-investigators. Students become explorers, evalua- 
tors, teachers, and producers. Now is a good time to begin 
generating roles appropriate to your problems and tasks. 

The development of student and teacher roles as well 
as the roles of others — resource specialists, experts-in-the- 
field, parents, and community members — will help in iden- 
tifying useful human, technological, and material resources 
and learning sites in and out of school. Considering a range 
of resources and learning sites now will enable you to make 
any necessary advance arrangements. You and your stu- 
dents will be less likely to encounter roadblocks once the 
investigations are underway. 

It is also important to anticipate how best to measure 
student progress throughout the unit and determine how 
well the pbl unit is working. Although it is important to 
involve students in the development of as many of the spe- 
cific assessment criteria and tools as possible, it is essen- 
tial for you to develop the overall evaluation plan — the gen- 
eral assessment criteria and formats. A pbl-cd template of 
outcomes and assessments, located in Appendix B, is in- 
tended for you to use or adapt when planning assessments 
for the pbl unit and aligning them with overall student out- 
comes. This template can be used as a draft now. It can 
then be finalized once instruction is underway. 

Given all the considerations in this and earlier steps, a 
somewhat detailed timeline for the unit of study can now 
be created. 



Planning and Implementing Problem-Based Learning as Codevelopment I 65 



Although there is a logical sequence to this preliminary 
planning tool, it is intended to be used flexibly by teams 
of teachers. We encourage you to give careful considera- 
tion to all aspects of planning, but we realize that teams 
may approach it differently and may revisit one or more 
aspects of the planning process. 

Once you have considered many or all aspects of pre- 
liminary planning, it will be helpful to share once again 
ideas with a critical friend team and to reflect upon and 
refine your ideas before moving to the next phase of cur- 
riculum development. It is this progressive problem solv- 
ing process of understanding, planning, sharing, reflecting, 
rethinking, and refining that will build expertise in prob- 
lem-based teaching and learning. 

The pictorial scenario in Figure 4 provides a glimpse 
of how this preliminary planning process might play out 
for Bill, Carmen, and their teammates as they prepare for 
their second pbl unit. 



PROBLEM-BASED LEARNING AS CODEVELOPMENT: PLANNING AND 
IMPLEMENTING THE TEACHING AND LEARNING PROCESS 



Whereas the first stage of the pbl-cd model involves pre- 
liminary planning that takes place well before instruction, 
the second major stage of the pbl-cd model is that of plan- 
ning and implementing the actual day-to-day teaching and 
learning of the pbl unit. Traditionally, lesson planning was 
considered complete when nearly everything was ac- 
counted for by the teacher — curricular materials, instruc- 
tional strategies, and specific assessments. Ironically, in pbl, 
teachers purposefully plan for the unknown — that is, the 
students' contributions to the problem solving process. 



Integration of the Progressive Problem 
Solving Cycle 



The progressive problem solving cycle — the underlying 
structure of pbl — together with carefully chosen instruc- 
tional strategies to support that structure enable teachers 
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PR05LEM-5A5ED LEARNING A5 CODEVELOPMENT: 
PRELIMINARY PLANNING 5CENARI0 



Stepl 



CHOOSE PARAN 


METERS FOR PROBLEM-BASED LEARNING UNIT 


SUBJECT AREAS 


STANDARDS 


RESEARCH BASE 


RESOURCES 




Figure 4 Pictorial scenario. Copyright B.Jones, C. Rasmussen, and M. Moffitt, (1995). North Central 
Regional Educational Laboratory, Oak Brook, IL. Used by permission. 
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LATER THAT MORNING. 




Figure 4 Continued 
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Step 3 



DEVELOP &ROAD TASK(S) 
ANP PROBLEM(S) 




Figure 4 Continued 
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Steps 4 & 5 




I'm with you. I really like 
that question. So why do 

we need to gather 
feedback? Why can't we 
just do it? 



GATHER FEEDBACK 



Well, how can we as 
teachers really be responsible for 
children's learning across grades 
if no one else knows? ...I'd like to 
run this by other math teachers. 



5' 




•V 

il 



I like the idea of checking 
it out with students, parents, 
and other teachers. That way, I 
don't get blindsided. 



I also think it's 
important to doubiecheck this 
question against our lists and 
connections to see how it fits - how 
coherent it is with our curriculum 
and instruction. 



You know, the feedback that 
Eric and I got from you and Carmen " 
during the first unit really helped because 
you responded to our needs. I was really 
kind of scared to ask for your feedback 
because I wasn't sure a critical friend would 
be that constructive. So, who should 
be our critical friends for 
this unit?_ 



Figure 4 Continued 
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LATER THAT WEEK.. 



Steps 6 & 7 



REFINE TASK(S) 
AND PROBLEM (S) 



ANTICIPATE STUDENT 
GENERATED PROBLEMS 




Figure 4 Continued 



Planning and Implementing Problem-Based Learning as Codevelopment 



Step d 



ANTICIR 


VTE ROLES, ASSESSME 


NTS AND LOGISTICS 


GENERATE ROLES OF 
STUDENTS, TEACHERS, 
AND OTHERS 


IDENTIFY HUMAN, 
TECHNOLOGICAL, 
AND MATERIAL 
RESOURCES 


CONSIDER 
ASSESSMENT 
CRITERIA AND 

FORMATS 


IDENTIFY 
LEARNING SITES 
IN/OUT OF SCHOOL 


CREATE 
TIMELINE FOR UNIT 
OF STUDY 




Figure 4 Continued 
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to achieve their primary goal for students: to engage them 
in progressive problem solving around an authentic prob- 
lem and task. Problem solving, as the teacher team has 
come to experience it in preliminary unit planning, is now 
integrated into classroom instruction. The fundamental 
thinking processes of understanding a problem, question, 
or issue and planning an action, acting on a plan, working 
toward a preferred outcome, sharing work, reflecting on 
the work, and rethinking and refining the work, are pur- 
posely planned for throughout the five phases of a pbl unit 
as shown in Figure 5. 

Teams of students engage in progressive problem solv- 
ing in response to a broad task and open-ended question 
by 

□ identifying specific problems of meaning to them 

□ developing a plan of inquiry or work to investigate a 
problem of interest 

□ conducting the inquiry and analysis 

□ preparing and presenting findings to one or more au- 
thentic audiences 

□ debriefing and consolidating their learning. 

So, what will pbl look like on Monday? What instruc- 
tional strategies will truly support the five phases of the 
teaching and learning process? 

We recognize that pbl-cd will play out differently in 
every classroom every day of the week. However, let's re- 
turn to the question and answer format in order to take a 
closer look at what a team of teachers might consider when 
planning and implementing the teaching and learning 
process. 

Phase 1. How can we facilitate student understanding of 
the broad task and problem? How can we encourage students 
to pursue this study? In what ways can we guide students in 
identifying specific subproblems? 
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Progressive Problem - Solving to Build Expertise 




Figure 5 Overview of the teaching and learning process. Copyright B. Jones, C. Rasmussen, M. Moffitt. 
(1995). North Central Regional Educational Laboratory, Oak Brook, 1L. Used by permission. 
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You can. 



D introduce the broad task and pose the open-ended ques- 
tion with any necessary background information. Ideally, 
you would do so in a way that "hooks" the students, cre- 
ates the need and desire to learn more about the prob- 
lem, encourages them to discover or experience the 
dilemma firsthand, or facilitates their understanding of 
the problem and its importance 

D establish what students already know and examine the 
problem from multiple perspectives 

□ codevelop, with students, specific problems for further 
inquiry 

n establish inquiry groups around open-ended subprob- 
lems and questions 

□ identify, with students, collaborative skills and monitor 
their practice of skills 

Phase 2. How can we support students in developing a plan 
of inquiry or work for specific problems? 

You can model the planning process and guide stu- 
dents as they . , . 

□ generate predictions, hypotheses, and theories to address 
their subproblems 

□ identify learning goals 

O explore potential sources of information and inquiry 
processes 

n design a plan of work 

n identify likely audiences 

o codevelop, with you, processes to monitor and evaluate 
their plan 
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Phase 3. In what ways can we support teams oj students 
as they are conducting their inquiry and analyzing their find- 
ings? How can we monitor their progress? 

You can . . . 

□ encourage students to reflect on their research, share 
findings, and gather feedback within and between col- 
laborative groups 

o encourage students to revise hypotheses or predictions 
throughout their inquiry 

□ check for progress of inquiry and need for new resources 
with students 

n codevelop, with students, plans for specific performance- 
based assessments 

Phase 4. In what ways can we support students when 
preparing and presenting findings? 

By assuming the roles of coach, monitor, and evalua- 
tor, you can encourage students to . . . 

□ consolidate theories and findings and revise under- 
standings 

a revisit and finalize plans for sharing findings 

□ evaluate products and presentations against benchmarks 
and feedback from others 

□ share findings with authentic audiences 

Phase 5. How can we support the debriefing and consoli- 
dation oj learnings from collaborative groups and the whole 
group? 

While guiding and evaluating, you can work with stu- 
dents to. . . 



□ gather feedback from audiences 

□ identify learnings regarding content, skills, and technol- 
ogy 

□ relate learnings from small groups to each other and to 
the broad problem and task of the whole group 

□ revisit earlier predictions, hypotheses, and theories and 
make revisions 

□ consider implications, applications, and any next steps 

Let's look in again on our fictional teacher teams. This 
time we join Bill, Carmen, Coretta, and Eric with their stu- 
dents on the first day of a new pbl unit, and we follow them 
as they move through their quarter-long investigation. In 
this scenario, we get a glimpse of each of the five phases 
of the problem solving process in action. 

On the first day of the Winter quarter, the 
team of Bill, Carmen, Coretta, and Eric 
share some video clips with each of the two 
seventh grade classes. The clips show 
scenes of bounty and productivity, in- 
cluding some shots of the school garden 
taken this past summer and fall, and scenes 
of agricultural inefficiency, environmental 
devastation, and famine. The last clip of 
the video poses the question, "If our har- 
vest is so bountiful, why is there so much 
starvation in our world?" 

Using a kwhl approach, the class be- 
gins by discussing what they Know about 
this problem, sharing prior knowledge and 
knowledge gained from the video. This in- 
formation is recorded on easel paper and 
posted in the room. After exploring all as- 
pects of their present knowledge of the 
problem, students brainstorm what they 
Want to know more about and what they 
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Wonder about this problem. These ques- 
tions for study are also posted along with 
preliminary ideas for How to find out about 
them. 

The room is buzzing throughout these 
first two days. Students are clearly moved 
by the video. They are disturbed by much 
of its content and other evidence of such 
contrasting situations in their world, lo- 
cally and globally. Yet, their agitation 
quickly turns into a commitment to do 
something about the problem. By the end 
of day two, various categories of informa- 
tion are organized by students and they are 
beginning to identify their subquestions of 
interest. 

Bill and Carmen establish inquiry 
groups, on the basis of the students' inter- 
ests. Activity alternates between small 
group planning and refining of plans for 
their investigation and whole group skill 
building and debriefing. Bill and Carmen 
review methods and processes for gather- 
ing and analyzing information and graph- 
ing data with the whole class. They also 
have kids practice using critical thinking 
skills to interpret accurately data. Coretta 
and Eric organize instructional activities in 
their classes in ways that would support 
the investigations, grouping and regroup- 
ing students as needed to build skills and 
help students make connections within 
and among subject areas. Everyone con- 
tinues to work on their collaborative social 
skills and practices interview techniques. 

Together, students and teachers create 
tools for collecting data, recording ideas and 
interpretations, and evaluating progress. 
Both teachers and students will use these 
tools to compare notes during weekly de- 
briefing conferences and the final assess- 



ment conference. By the end of the second 
week, interest-based teams are eager to start 
their actual investigations. 

As the quarter progresses, Bill and 
Carmen's classroom becomes a growing 
hub of activity. One of the groups is com- 
paring "old" and "new" methods of agri- 
culture and their feasibility locally and 
globally. Another group is exploring cul- 
tural values and their impact on produc- 
tivity. Yet another group is investigating 
the impact of misuse of land on the envi- 
ronment and its long-term implications 
for people. Still another group is prepar- 
ing for experimentation with methods of 
extending productivity beyond the natural 
growing season. 

Bill and Carmen play a variety of 
roles — monitoring small group work, 
scheduling student use of the sole school 
hook-up to the Internet, helping students 
gain access to on-line resources and e-mail 
addresses of pertinent organizations and 
experts, coplanning a field trip to Ball 
Seed's research facility, and facilitating reg- 
ular debriefing sessions. Carmen, in par- 
ticular, relishes her role as colearner in the 
face-to-face interview of Ball Seed's Edu- 
cational Foundation Director and in the 
on-going e-mail dialogue with their scien- 
tists. As a former Peace Corp volunteer, Bill 
enjoys becoming an active co-investigator 
with students. Together they interview a 
social ethicist who deals with the environ- 
mental and economic concerns of poor 
people nationally and internationally. Bill's 
experience in the Peace Corp also makes 
him a primary resource of information to 
several groups of students. 

Midway through the quarter, each team 
is studying a different question and is at a 
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different stage of their investigation. Yet, 
every group is working toward the same 
goal of a high quality multimedia presenta- 
tion of their findings and recommendations, 
as well as making plans for "publishing" 
these with audiences beyond the school. 

As the quarter draws to a close, groups 
take turns making their culminating pre- 
sentations, first to their classmates and 
then to the entire seventh grade, their prin- 
cipal, and invited experts, policymakers, 
and community members. 

The day after the last of these, Bill gath- 
ers the group of Cheree, Tiffany, and Juan 
for their final assessment conference. Each 
student arrives prepared with a journal and 
an individual self-assessment. They also 
bring their collection of graphs, charts, and 
other artifacts representing their group's 
quarter-long investigation. As this group 
had planned, Juan begins by asking each 
member to reflect on the group's strengths, 
including their content knowledge, tech- 
nology use, and social skills. Cheree syn- 
thesizes all of the responses, which Tiffany 
then records on the group self-assessment 
form. A similar process is followed when 
reflecting on needed improvement, knowl- 
edge gained from other groups' findings 
and from the audience, and areas for ad- 
ditional investigation. Bill provides obser- 
vations and insights throughout the con- 
ference. He also poses questions to help 
the students make connections to the 
broad question of bounty versus starvation 
and to stimulate ideas for further study. 

The collaborative assessment is used 
for the group portion of each student's 
grade. Following the conference, Bill re- 
views each student's journal and self-as- 
sessment as well as his log from through- 



out the quarter. He uses these references 
to prepare the individual portion of each 
student's grade. Bill also recalls the "big 
ideas" students had identified during 
whole group debriefing when the entire 
teacher team had revisited the kwhl, ask- 
ing students to identify what they had 
Learned about the broad problem and task. 
Student grades, the kwhl, and the ongo- 
ing concepts maps enable him to look at 
the overall success of the class with this 
problem-based investigative study. 

The quarter may end, but the story 
continues. . . The instructional team 
discusses results of the student assessment 
conferences and their own reflections on 
the quarter. Then they schedule their ap- 
pointment with their principal, Beverly, to 
discuss next steps. 

It is impossible to capture all aspects of planning and 
implementing problem-based learning and teaching in a 
brief scenario. So, we have also included a five -page illus- 
tration of the teaching and learning process in Appendix 
C The illustration describes in some detail the possible 
teacher roles and teaching strategies together with corre- 
sponding students roles and learning strategies for each pbl 
phase. A list of "generic" strategies for knowledge building, 
collaboration, concept representation, reflection, and as- 
sessment — all important instructional strategies in pbl — is 
provided at the end of the chart. 

The illustration also incorporates suggested flexible 
groupings within each phase. When grouping flexibly, 
teachers group and regroup students according to the pur- 
poses of instruction. In a problem-based study, much of 
the grouping alternates between whole group activities and 
the ongoing work of small interest groups. Teachers de- 
termine when whole group planning would facilitate the 
work of small interest groups as well as when small groups 
would benefit from sharing their knowledge with each 
other in a whole group setting. They also decide when in- 
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dividuals or groups need to come together for skill devel- 
opment. Depending upon the purposes of instruction, stu- 
dents work in a variety of groupings throughout a prob- 
lem-based study. 

In the upcoming chapters you will see a wide variety 
of groupings, student and teacher roles, and teaching and 
learning strategies in the context of diverse authentic prob- 
lem-based learning units. The experiences of these educa- 
tors and their students are, of course, the best representa- 
tions of both the richness and the complexity of planning 
for and implementing problem-based learning. 



SELF-DIRECTED ACTIVITIES 



Understanding and Planning for Interdisciplinary Teaming: 

□ Identify the subject areas for a potential interdisciplinary problem-based unit. You may 
want to use the same unit analyzed in Goal 2 or select or create another unit. 



□ What other teachers might become a part of your planning team? 



□ Look back through the pictorial scenario. What insights, concerns, and questions were 
brought up by Bill, Carmen, Eric, and Coretta? 



□ What kinds of conversation might take place among the members of your planning 
team? 



Real-Life Problem Solving 



Understanding and Planning the pbl-cd Unit: 

If possible, complete this activity with your planning team members, using whatever form 
of planning and record-keeping will be most helpful to you. If you or your team are new 
to interdisciplinary problem-based unit planning, we invite you to use the Preliminary 
Planning Flowchart in a step-by-step manner. If you or your team have engaged in such 
unit planning before, we invite you use the Flowchart to consider those aspects of plan- 
ning that are less familiar to you. 

D How do we set the parameters for our pbl unit? (subject areas; standards; research base; 
time and resources) 

o What other things should we consider before identifying likely problems for study (e.g., 
content-specific concepts and skills; student needs, strengths, knowledge, interest, and 
roles; cross-curricular strategies and skills)? 




□ What broad problem and task do we really want students to study? 

n How coherent are our problems and tasks with our curriculum and instruction? 
O What kinds of feedback will be helpful and who can provide it? 

□ How can we further refine our task and problem? 

□ How will we provide for student codevelopment? 



□ What other things would be helpful to anticipate before we plan for day-to-day in- 
struction (e.g., roles, resources, assessments, learning sites, timelines)? 
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Acting and Sharing: When you have considered many or all of the aspects of pre- 
liminary unit planning, share your ideas with a critical friend team. Describe your plans 
for your informal conference below. 
The process for a critical friend dialogue should include: 

n sharing your desired outcome for the conversation 

□ asking your critical friend to practice active listening and ask clarifying questions 
o asking your critical friend to offer constructive, nonjudgmental feedback 




Reflecting: Reflect upon the outcomes of your critical friend conference. List or in 
some way represent them (metaphor, graphic organizer, icon). 



Rethinking and Refining: What are the implications for you or your team's unit 

plan? 



Next Steps . . . You or your team may now be ready to take the next steps of plan- 
ning for the day to day activities of the classroom. Goals Four through Seven offer ex- 
amples of pbl-cd units. The Self-Directed Activities that follow each of these goals invite 
you or your team to engage in two types of study: exploring the content of these units 
for useful applications and practicing the progressive problem-solving process in relation 
to the further planning of your curriculum unit. 



Real-Life Problem Solving 




This Goal illustrates very different approaches to problem- 
based learning in the humanities in middle schools. Whereas 
Rasmussen's Profile for language arts, u How Are Percep- 
tions of the Homeless Changing?", is essentially a reflec- 
tion on a unit previously taught, the Profile entitled u How 
Do We Make a Proposal for a Public Sculpture?" uses the 
pbl-cd framework to design a unit that has not been taught. 
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The language arts Profile, designed for a traditional ju- 
nior high school, represents a relatively small first step to- 
ward problem-based learning that makes a big difference 
in student outcomes. Rasmussen, then a teacher, had de- 
veloped a mini unit focusing on the homeless. To address 
the open-ended question of how perceptions of the home- 
less are changing, eighth-grade students explored current 
and past perceptions as well as their own personal per- 
ceptions. The research component involved combining pbl 
with applications of whole language approaches and co- 
operative learning. Thinking skills and study skills were 
threaded throughout the unit. This is a good example of 
problem-based learning that takes place fully in school, 
does not require technology, and makes the most of a self- 
contained literature class. 

The Profile on making a proposal for a public sculp- 
ture envisions students working through the various 
processes that a professional sculptor would go through to 
submit a proposal for a community sculpture. The author, 
himself an artist, uses the pbl-cd framework to design a 
unit that had not yet been taught at the time of writing this 
book. The design of the unit was informed by research on 
using art to develop multiple intelligences. Students will 
work directly with the artist as apprentices and will go out 
of school to present their sculpture design to an audience 
of community leaders. This Profile design incorporates 
mathematics, history, science, language arts, and commu- 
nication skills, using various technologies as tools through- 
out the study. 



HOW ARE PERCEPTIONS OF THE HOMELESS CHANGING? MAKING 
WHOLE LANGUAGE MORE PROBLEM BASED 



Claudette Rasmussen, Marie Murphy School 
Overview of the Project 

The overall goal of this two week mini-unit was to make 
the content of a literature class in a traditionally structured 
junior high school more meaningful and integrative for stu- 
dents. 1 felt that making the whole language approach that 
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I had always used more problem-based would be a natural 
means of accomplishing that goal. A very rich short story 
about the experience of homelessness that had been a part 
of my curriculum for some time became the inspiration for 
our problem-based study. Following an interpretive discus- 
sion of this story, I posed this question to students for in- 
vestigation: "How are perceptions of the homeless changing?" 

Students explored their own and others' perceptions of 
the homeless using a variety of print resources, including 
factual articles about the conditions of homelessness and 
firsthand accounts of homelessness in Chicago and the 
United States. Their own changing perceptions of the 
homeless became the stimulus for the first creative work 
in their writing portfolios for the class. 

All students were very engaged in the literature dis- 
cussion and the subsequent study of related writings. They 
shared personal observations and experiences, posed many 
thoughtful questions, and expressed numerous concerns 
about the conditions of homelessness. Many wrote moving 
creative stories as a result of their investigations. 

This relatively small change in my whole language cur- 
riculum had a big impact on the involvement of the stu- 
dents, enhancing their understanding of a socially signifi- 
cant problem and enriching their use of reading, writing, 
speaking, and listening skills. In addition to the creative 
role of producer, students became each others' teachers in 
their collaborative investigation. My role was that of facil- 
itator and, at times, coleamer as we all strived to under- 
stand better the personal and societal implications of this 
problem. 

Although this unit took place in one eighth grade class- 
room in 1991, its goal and many of its instructional ap- 
proaches became representative of how I taught reading 
and literature classes in grades four through eight within 
an enrichment program. Most, if not all, of these inter- 
disciplinary, problem-based, whole language approaches 
would be beneficial for all students, regardless of age or 
ability. 

I felt that the applications of many of these approaches 
across ages, abilities, and subject areas as well as the high 
impact that resulted from relatively small changes in cur- 
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riculum and instruction were worth sharing in this book. 
Making whole language more problem-based had a pro- 
found effect on my students and on me, and I think it has 
many implications for other teachers' use of interdiscipli- 
nary, problem-based practices. 



DESCRIPTION OF THE SCHOOL 



Marie Murphy School is a junior high school in a school 
district of approximately 600 students, K-8, in an affluent 
suburb north of the city of Chicago. At the time of this 
unit, its student population was approximately 25% Asian 
and 75% Caucasian, including immigrants from Japan, Ko- 
rea, eastern Europe, and Mediterranean countries. 

At that time, I was the Coordinator of and a Teacher 
in the Pupil Enrichment Program. I worked with classroom 
teachers throughout the district to integrate enrichment ac- 
tivities into the regular classroom and taught enrichment 
classes for students of high ability in grades 4 through 8. 
1 had been integrating thinking skills with content skills 
and combining individual as well as small and whole group 
instruction for many of the fourteen years I had been in 
education. What was new to this unit was its focus on a 
significant problem with broad implications. 



RATIONALE FOR THE PROJECT 



Purpose 

When considering the overall goal of this unit — that is, to 
make literature more integrated and meaningful for stu- 
dents — making whole language more problem-based 
seemed to me to be a natural means of accomplishing that 
goal. Using literature as a catalyst for examining problems 
of interest to students, while applying reading, writing, 
speaking, and listening skills provided integration and 
meaning. Choosing a real-life problem of social signifi- 
cance, like that of homelessness, and incorporating many 
creative and critical thinking skills added still more inte- 
gration, authenticity, and challenge. 



Real-Life Problem Solving 



Research 



Despite the fact that I was teaching in a traditionally orga- 
nized junior high school, I was committed to teaching my 
literature course following beliefs and principles of whole 
language (Goodman, 1986). I support the fundamental be- 
lief that the function of language is to construct meaning 
(Altwerger, Edelsky, & Flores, 1987). 1 have always been 
a believer in a holistic language approach. My commitment 
came first from a common sense examination of how ac- 
complished learners develop their literacy skills naturally. 
For example, it seems most natural to build vocabulary 
when encountering new words while reading. It also seems 
natural that it is the reader, not the teacher or the pub- 
lisher, that can best identify the words that are new to him 
or her, the words it is necessary to know in order to com- 
prehend a story. Similarly, it is natural for a writer to re- 
fine grammar and spelling skills while editing his or her 
own writing, motivated by the need to share original work. 
This approach is consistent with a whole language philos- 
ophy devoted to nurturing students' literacy development 
where literature and a student's own writing provide the 
context for skill development. ". . . Children are taught 
about the parts of language while they pursue 'authentic' 
reading and writing." (Willis, 1995, p. 1) Teaching skills 
in the context of high-quality, whole works of literature 
represents a basic tenet of whole language. 

Reading for meaning, writing often, and writing well 
are also tenets of this approach. Again it seemed most nat- 
ural as well as consistent with the whole language philos- 
ophy to develop an understanding and appreciation of the 
author's intent in a story by interpreting his or her writing 
and by engaging in writing as an outgrowth of that inter- 
pretative reading and discussion. So, although my students 
were enrolled in a separate language arts class with another 
teacher for which they had writing assignments, they were 
expected to write in response to what they were reading in 
my literature class. Given their "double dose" of writing, a 
problem-focused study seemed especially meaningful and 
motivating. 

The question "How are perceptions of the homeless 
changing?" has many of the hallmarks of both problem- 
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based and project-based learning. It engages students in 
the investigation, however informal, of a real-world prob- 
lem by gathering information, communicating ideas and 
findings, refining perceptions, and creating artifacts. So, 
this literature classroom became the site of an informal in- 
vestigation of perceptions of the homeless. 

One of the primary strategies used for small group in- 
vestigation in this mini-unit was the jigsawing of print ma- 
terials on homelessness (described in the section entitled 
"Flow of the Project"). This jigsaw method was just one of 
the many cooperative learning strategies that I used regu- 
larly in my classroom. I had completed both basic and lead- 
ership training with Johnson, Johnson, and Holubec (1988) 
in their conceptual approach to cooperative learning. This 
approach, based on theories of cooperation and competi- 
tion, provided general principles that enabled teachers to 
analyze their curriculum and instruction and structure co- 
operative learning activities to meet a wide range of needs. 
It emphasized cooperative learning groups based on posi- 
tive interdependence among group members; individual 
accountability; typically heterogeneous membership; com- 
pleting a task while maintaining good working relation- 
ships (product and process); shared leadership; shared re- 
sponsibility for each other's success; the direct teaching of 
social skills; the teacher observing and monitoring group 
work, intervening only when necessary; and the groups de- 
briefing their effectiveness. The jigsaw technique (Aronson, 
1978) was one way of structuring positive interdependence 
among group members by collaboratively learning and 
teaching a variety of materials. 

Within the context of a whole language experience, 
eighth grade students began collaboratively investigating 
the pressing social problem of homelessness. Their re- 
sponses to the problem-based study reinforced my belief 
that teenagers are genuinely interested in problems of so- 
cial significance. James Beane, National Louis University, 
says that those who believe adolescents' interests are triv- 
ial and self-centered are often mistaken. Students have 
"tremendous concerns about the larger world . . . they are 
very concerned about the future." (quoted in Willis, 1992, 
p. 4) 



Broad Student Outcomes 

The approach used to read, analyze, and interpret litera- 
ture and to write in response to that literature was a part 
of this and other whole language experiences throughout 
the course. These language arts instructional strategies ad- 
dressed several of the Illinois State Goals for grade 8 (Illi- 
nois State Board of Education, 1993). These Goals state 
that as a result of their schooling, students will be able to 

□ understand how language functions and evolves; 

□ read, comprehend, interpret, evaluate, and use a variety 
of written materials; 

□ listen critically and analytically; 

D write standard English in a grammatical, well-organized 
and coherent manner for a variety of purposes. 

In this unit many reading, writing, speaking, and lis- 
tening skills identified as objectives of the Prentice Hall Lit- 
erature (Prentice Hall, 1989) series used in the regular in- 
structional program were also practiced. Those skills 
include 

n reading and appreciating short stories; 

□ becoming familiar with the elements of the short story; 

□ using critical thinking and reading strategies to gain a 
fuller understanding of short stories; 

□ developing strategies for understanding and appreciating 
words in a story; 

o using short stories as a springboard for writing imagina- 
tively and critically. 

Many thinking skills and study skills were also refined. 
A variety of critical thinking skills were required when 
preparing for and discussing the story — predicting, verify- 
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ing predictions, interpreting, justifying interpretations, and 
posing interpretive questions. Reading for meaning and vo- 
cabulary study were a natural part of story preparation. 
Highlighting important text passages, making notes in the 
margins, and using the dictionary as a tool were a routine 
part of the preparation. 

Both creative and critical thinking skills were used 
throughout the stages of the writing process — during 
prewriting, writing, revising, editing, and "publishing." Stu- 
dents read short stories and primary sources of print ma- 
terial representing a range of writing styles. They were then 
encouraged to experiment with aspects of these styles in 
their own writing. More importantly, they were encour- 
aged to give creative voice to their imagination and per- 
sonal beliefs. 

Many collaborative skills were practiced throughout 
whole group discussion, peer review of student writing, 
and small group investigations. In many ways students 
were teaching and learning together by continually ex- 
ploring different perspectives and evaluating their signifi- 
cance. 

Most importantly, knowledge and skills were applied 
to the study of a real-life problem of social significance and 
of genuine interest to students. Investigating changing per- 
ceptions of the homeless enabled us to build effectively 
on students' prior knowledge, stimulate many thinking 
processes, and explore the social, political, and economic 
ramifications of this problem. Reflections on the problem 
of homelessness throughout the unit contributed to a per- 
sonal, and often poignant, expression of understanding. 

Ill-Structured Problem or Question and Broad Task 

The short story, "Waiting for Her Train," had been a part 
of my curriculum for some time. It is a story rich in sym- 
bolism and multiple meanings about the perceptions of a 
homeless woman. I had always considered its unexpected 
revelations and symbolism to be very powerful. And the 
story, though written some time ago, seemed more current 
than ever in its subject matter. The way in which this story 
dealt with the experience of homelessness seemed rich for 
further study. I chose the question "How are perceptions 



of the homeless changing?" for students to investigate be- 
cause of the continuing impact of homelessness on society, 
and because 1 felt this social issue would be of concern to 
them. By wording the problem as an open-ended question 
about perceptions, students were able to gather informa- 
tion about all aspects of the problem and explore past and 
present perceptions of the homeless. That investigative 
task, within the context of the fictional short story and 
other non-fictional firsthand accounts of homelessness, 
prompted students to reflect and write about their own 
changing perceptions of the homeless. 

Assessment 

Students were asked to write creatively about their per- 
ceptions of the homeless. Their final draft, and all the ar- 
tifacts of their writing process, were among the works 
collected in a portfolio. At the trimester's end, students 
selected their best works for self- and teacher-assessment. 
Portfolio work represented nearly half of each student's 
grade. Individual preparation for and participation in dis- 
cussion, small group work, and vocabulary use made up 
the remainder of the grade. 



FLOW OF THE PROJECT 



I began the trimester with a Directed Reading Thinking Ac- 
tivity (drta) designed to engage students in active listen- 
ing and thinking about a short story. At carefully selected 
points in the oral reading of the story, "Waiting for Her 
Train," 1 asked students to "stop and think" — to make pre- 
dictions about possible outcomes and then, following the 
next segment, to justify and refine their predictions on the 
basis of evidence from the story or from real life. Rather 
than handling this story as an isolated literature activity, I 
selected a literary work that reflected a pressing social prob- 
lem that all of my students had encountered in some way. 

For homework, the students were expected to do a 
careful second reading of the story, highlighting significant 
passages and reacting or making interpretive comments in 
the margins. Vocabulary study was a natural outgrowth of 
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words encountered while reading, and students were ex- 
pected to generate their own list of new words and ap- 
propriate definitions. 

As always, the short story was followed by two days of 
interpretive discussion where students would respond to 
open-ended Socratic questions about the story's meaning 
and support their answers with evidence from the text and 
from real life. The Socratic questions were both teacher- 
and student-generated. 

Following drta, independent reading, and interpre- 
tive discussion, students were asked to write informally 
about their present experiences with and perceptions of the 
homeless. 

Then students were divided into cooperative learning 
groups to investigate further perceptions of the homeless 
using a variety of print resources. Resources included fac- 
tual articles written about the condition of homelessness in 
Chicago and the United States; articles written by Chicago 
journalists who had gone "underground" to observe the 
homeless and experience homelessness; and firsthand ac- 
counts of homelessness, in poetry and prose form, pub- 
lished by the Chicago Coalition for the Homeless. A jigsaw 
technique was used, whereby students were assigned to a 
"home" group. After numbering-off from one to four within 
that group, each student joined others of like number in 
an "expert" group (e.g., the ones from each of the home 
groups became an expert group). Each expert group was 
then assigned some of the print material to study. They 
were expected to determine how to work together to read 
the material, summarize important information using an 
outline or graphic organizer, and create a visual repre- 
senting one or more of the most important ideas. Students 
then returned to their home group to share their expertise 
with one another. In this way, students covered a lot of in- 
formation in a relatively short period of time by teaching 
and learning with each other. 

Following whole group debriefing about significant 
learnings and their implications, students were again asked 
to write informally about their changing perceptions of the 
homeless. 

Their perceptions became the stimulus for the first cre- 
ative work in their writing portfolios. The first draft of their 



writing went through peer review — where one or more stu- 
dents reacted to the writing by citing strengths, posing 
questions, and making recommendations — and one or 
more revisions. 



STUDENT EXAMPLE AND SAMPLE ACTIVITY 



The students' responsiveness to this mini-unit was typified 
by Noam. Noam was especially active in this literature dis- 
cussion, sharing his interpretations of the story and his ob- 
servations of the homeless. Prior to cooperative group 
work, Noam brought in a copy of "Streetwise," a newspa- 
per written by some of Chicago's homeless and sold on 
street corners throughout the metropolitan area. He eagerly 
shared excerpts from the publication with his classmates. 
He was very involved in the investigation of other print re- 
sources. Noam later wrote a very moving first-person fic- 
tional account of one man's encounter with homelessness. 
He refined his writing through several drafts and selected 
it as one of the "best works" in his portfolio at the trimester's 
end. 

The use of portfolios, within the context of a whole 
language classroom, provided valuable insights into the 
writing process and into the students-as-authors for both 
me and my students. The use of portfolio writing focused 
on a real-life problem was especially powerful in giving cre- 
ative voice to students' beliefs. An example of my instruc- 
tions to students for the organization and evaluation of their 
writing portfolios is given in Exhibit 2. 



REFLECTION AND SELF-ASSESSMENT 



For a short unit, making whole language more problem- 
based went a long way toward accomplishing my initial 
goal of more meaningful and integrative instruction and to- 
ward achieving a vision of engaged learning as described 
in this book. 

The students were clearly responsible for their own 
learning in individual preparation, small group investiga- 
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exhibit 2 Portfolio Power 



To turn your binder into a portfolio, 

L Arrange all your works of writing from most to least effective, incli 
evidence of the writing process behind each final draft. 

2. Reflect on your two best works, and on a separate sheet of paper for each 
answer the following questions: 



□ Whai makes this your best (second best) work? 

□ How did you go about writing ii? 
D What problems did you encounter? 

□ Mow did you solve them? 

□ What goals did you set for yourself? 



□ How did you go about accomplishing them? 

Place this evaluation of your process and product in from of each final draft when 
completed. 

3. Answer these two questions on a single sheet of paper at the front of your 
portfolio. 

□ Whai makes your most effective work different from your least effective work? 

□ What are your goals for future writing? 

4, Include an illustrated cover or title page and a table of contents at the beginning 
of your portfolio. 

Your self-evaluation of your two best works will be as important to your grade 
as my assessment of your final two drafts and their writing process. 1 will also con- t 
sidcr the number of works in your portfolio, the range of styles, and your progress 
as a writer. 





Real Life Problem Solving 



tion, and whole group discussion. Students were collabo- 
rative, working with different partners for each "peer re- 
view" of an original story and working in a variety of small 
groups throughout the trimester. Grouping was structured 
by me to encourage multiple perspectives and to be as het- 
erogeneous as possible. It was also flexible in response to 
the varying purposes of instruction. The students, as rep- 
resented by Noam, were energized by learning. I think that 
was due primarily to the challenging, authentic task, which 
was socially significant and of interest to students. Assess- 
ment was seamless and ongoing, performance-based, and 
equitable. Multiple measures were used; both process and 
product were evaluated; students were aware of the stan- 
dards as they applied to all; and they were involved in self- 
assessment. Implicit in the students' portfolio self-assess- 
ment was the development of criteria for effective writing. 
In that way, student assessment was generative. Nearly all 
of the instructional strategies were also generative and in- 
teractive, including (a) the use of Socratic dialogue during 
interpretive discussion, (b) the jigsaw technique for small 
group investigation with its emphasis on graphic repre- 
sentations and reciprocal teaching, (c) whole group de- 
briefing that followed the investigation, (d) and writing for 
reflection on personal perceptions of the homeless and as 
a creative outlet for beliefs and newly acquired knowledge. 

Although the classroom itself functioned as a knowl- 
edge-building learning community, this unit would have 
been strengthened by reaching beyond the classroom walls 
to the authors and professionals directly involved in issues 
of homelessness. Even though the political, economic, 
physical and mental health, and other societal implications 
of homelessness were discussed during debriefing activi- 
ties, student-generated questions would have resulted in 
more in-depth study. For example, one small group may 
have decided to focus their study on changing perceptions 
of and by homeless children. Another group may have 
wanted to examine the causes of and responses to in- 
creasing numbers of homeless women and children. The 
sharing of results of several related investigations would 
have made even greater contributions to the collective 
knowledge and, in all likelihood, stimulated a wider range 
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of creative writing. The multidisciplinary nature of the task 
would also have been strengthened through active con- 
nections with other subject areas within school. Involve- 
ment in a community service project would have been a 
powerful culminating learning experience and made the 
unit an even more authentic task. 

The strengths of this problem-based whole language 
unit, together with the suggested improvements, would en- 
able both student and teacher roles to be expanded. In ad- 
dition to their roles as teachers and producers of knowl- 
edge, students would be able to become more active 
explorers and possibly even cognitive apprentices in in- 
vestigations that extend beyond the classroom. In addition 
to the teacher roles of facilitator and guide, I would be able 
to be more of a co-investigator along with the students. 



HOW DO WE MAKE A PROPOSAL FOR A PUBLIC SCULPTURE? 



Ted Injasulian, Robert Abbott Middle School for the Fine 
and Applied Arts and Sciences 

Overview of the Project 

In this unit, eighth grade students will develop a proposal 
for an original sculpture for a specific environment within 
the city of Waukegan. A local area artist will collaborate 
with students on this project, acting as role model, men- 
tor, and consultant. Subject areas that will be integrated 
into this art-based project include (a) mathematics for mea- 
surements and cost projections, (b) history for the study 
of past and present sculptures constructed in the area, (c) 
science for geology of the proposed site and the effects of 
weather, and (d) language arts for the writing and com- 
munication skills needed for proposal development and 
presentation. Technology will be used as a tool through- 
out this study in the form of camcorders, computer cam- 
eras, scanners, specialized software for designing the art- 
work, and digitized animation for presentation purposes. 
Upon completion of the proposal, the students, artist, prin- 
cipal, and art teacher will make their recommendation to 
city council members for its acceptance or rejection. 
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Through this problem-based study, students will learn 
the process of creating an artwork — the same process an 
artist goes through to get a public sculpture made. This 
process will involve taking an idea and developing its struc- 
ture, visualizing it in an environment, doing research on 
all the variables needed to construct the idea, and pre- 
senting it to an authentic audience for possible funding of 
materials and permissions for construction. Most impor- 
tantly, students will work collaboratively within a small 
group and as a whole class alongside a practicing artist, 
teachers, and community leaders to bring their proposed 
sculpture closer to reality. 

By experiencing this, it is hoped that students will gain 
a better appreciation of this artform and an understanding 
of why sculpture is important in the everyday life of peo- 
ple. It is anticipated that students will also heighten their 
expectations, become more aware of their talents, recog- 
nize that they have the ability to improve the environment 
in which they live, and gain insight into some ways in 
which collaborative relationships can support their goals. 



DESCRIPTION OF THE SCHOOL 



Robert Abbott Middle School for the Fine and Applied Arts 
and Sciences is an urban school for grades 6 through 8 lo- 
cated in the downtown section of Waukegan, Illinois. The 
school first opened in 1992 and, like all elementary schools 
in Waukegan, draws students from the neighborhood and 
throughout the city who are interested in its theme. The 
student population is made up primarily of low socio-eco- 
nomic students. Of our students, 75% are on free and re- 
duced lunch; 69% of our families are considered low in- 
come. Within the school, the percentages of students 
according to ethnic group are 70% Hispanic, 20% African 
American, 7% Caucasian, and 3% Asian. Of the school's 
population, 26% is limited English proficient. Approxi- 
mately 55% of our students would qualify for Chapter 1 
services (government-supported remedial intruction in 
reading and mathematics). This information reflects the 
range of special needs of our students and their cultural 



Applying Pbl-Cd to Language Arts and Humanities I 99 



diversity. Although our students often come to Abbott with 
an interest in the arts, they seldom have prior experience 
in the arts and sciences and enter as novices. 

1 am the art teacher and resident artist for Abbott Mid- 
dle School. 1 have always approached art instruction from 
a multidisciplinary perspective. Recently, the thematic, in- 
terdisciplinary curriculum development that has been a 
part of my instructional program and of many of my col- 
leagues' programs across the district has become more 
problem-focused. This unit reflects that emphasis on 
problem-based teaching and learning. Jo Williamson, the 
district middle schools Technology Coordinator, and 
Claudette Rasmussen, one of the authors of this book, col- 
laborated in the writing of this profile. 



RATIONALE FOR THE UNIT 



Purpose 

This project is designed to exemplify the importance of 
sculpture in the everyday life of people. It is also intended 
as an avenue for students to build an appreciation of this 
artform and the creative problem-solving process of mak- 
ing a proposal for an original sculpture for the city. 
Whether the proposal is accepted or rejected, it is meant 
to engage students in an authentic task in much the same 
way a practicing artist might experience it and to raise their 
expectations of what they can do, as individuals and as a 
group, in collaboration with professionals and with each 
other. 

Research 

Howard Gardner's book, Art Education and Human Devel- 
opment (1990), was used as the basis for this project. The 
Indiana school, Key Elementary, was also a point of inspi- 
ration for its curricular application of Gardner's multiple 
intelligences theory. His emphasis on multiple intelligences 
and the significance of art to human development and ac- 
tivity has reinforced my belief that visual art forms, inte- 
grated with other discipline areas, encourage students to 
attain success. 
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Teaching in this manner, with art first in the curricu- 
lum, many students comprehend and solve problems eas- 
ily through hands-on activity, including those students who 
have traditionally been unsuccessful in core academic sub- 
jects. They move more readily from spatial, kinesthetic, and 
intrapersonal experiences to linguistic, logical, and inter- 
personal experiences. Moving this way, students engage in 
a holistic way of learning. This unit is set up to use art to 
reinforce skills from other domains and to provide practi- 
cal activities in which to apply principles from other areas 
of study. 

This unit also uses the research on expertise and the 
recognition that the work of experts-in-the-field is inher- 
ently interdisciplinary. The unit is founded on the under- 
standing that expertise involves much more than simply an 
accumulation of facts about a certain topic, although a great 
deal of specialized content knowledge is likely to be pres- 
ent in the expert. What may be more important in dis- 
tinguishing between the novice, the intermediate, and the 
expert is the way in which content knowledge is organized, 
reconstructed, and creatively applied. One 7-year study 
that analyzed the characteristics of expert artists concluded 
that 

the critical ability which distinguished the 
successful artists was not terminology, art 
history, or even technical skill but rather 
the ability to envision, pose, formulate, or 
create a new problematic situation. . . . 
The successful artists explored more of the 
materials before them and explored them 
in more depth, fingering, moving, touch- 
ing, rearranging, and playing with alterna- 
tives, versus moving quickly to a rather 
conventional arrangement and sketch. 
(Flower & Hayes, 1994, p. 73) 

The artistic tradition has valued active learning, ex- 
pertise-building, and strong mentor-student relationships. 
Some of the more recent social models of mentoring mimic 
the way arts and crafts masters have trained their students 
for centuries. Collins, Brown, and Holum's (1991) cogni- 



Applying Pbl-Cd to Language Arts and Humanities I 101 



tive apprenticeship approach emphasizes making the 
thinking processes just as visible as the observable 
processes involved in the task. Other principles important 
to this model include creating a learning environment 
where students are immersed in an authentic task and en- 
couraging students to focus on understanding the whole 
before executing the parts of the task. Mentors model tasks, 
coach students, and encourage learners to define and solve 
their own problems in a collaborative environment. 

In this project, the use of a local area sculptor as men- 
tor and collaborator and a wide variety of technology tools 
to explore and design sculpture, as well as the integration 
of mathematics, science, history, and language arts into the 
proposal process all reflect the rich research base described 
above. More importantly, these factors work together in 
support of student success with a challenging, authentic 
task. 

Broad Student Outcomes 

Students will experience the process of designing and 
proposing a public sculpture by (a) taking a creative idea 
and developing its structure, (b) visualizing it in an envi- 
ronment, (c) doing research on all the variables needed to 
construct the artwork, and (d) presenting it to a public au- 
dience for possible funding of materials and permissions 
for construction. In doing so, students will gain a better 
understanding of the elements and principles of artistic 
composition and greater appreciation of this artform. They 
will also improve their problem-solving capabilities. Stu- 
dents' collaborative skills will be strengthened as they work 
within small groups to design a sculpture and as a whole 
class on the proposal for the sculpture of choice. Working 
alongside the practicing artist will enable students to un- 
derstand and appreciate the process an artist goes through 
to get a public sculpture made, especially the importance 
of the artist's vision in that process, and why sculpture is 
important in the everyday life of people. It is anticipated 
that students will grow in their awareness of their own tal- 
ents and the talents of their classmates and their own abil- 
ity to improve the environment in which they live. 

Students will use other disciplines to investigate vari- 
ables in this art-based project: mathematics for measure- 



ments, cost projections, and allocations to contractors; his- 
tory for the study of past and present sculptures con- 
structed in the area; science for geology of the proposed 
site, effects of weather, and material composition; and lan- 
guage arts for the writing and communication skills needed 
for proposal development and presentation. Students will 
develop skill in using a wide range of technological tools 
in the design and presentation of the proposal for a pub- 
lic sculpture. 

Broad Task and Ill-Structured Question 

The broad task is incorporated in the broad question itself: 
How do we make a proposal for a public sculpture? 

Assessment 

There will be two primary means of assessing student per- 
formance in this design and proposal process: an ongoing 
student journal and artifacts of both the proposal process 
and its final presentation. Both forms of assessment en- 
courage the integration of skills into bigger concepts and 
more comprehensive thinking processes. 

Six broad criteria will be assessed, including evidence 
of the application of (a) art elements and principles; (b) re- 
activity and the work ethic as a part of the artist-appren- 
ticeship relationship; (c) specific software and technology 
tools; (d) pertinent mathematics, science, history, and lan- 
guage arts skills; (e) ongoing journal entries and complete 
visual work; and (0 presentation skills. 



FLOW OF THE PROJECT, TIMELINE, AND SAMPLE ACTIVITY 



Students will move from general to specific — from an un- 
derstanding of the whole before executing the parts — when 
approaching this project and learning how to make a pro- 
posal for a public sculpture. 

1. A teacher-created video will be shown in order to 
demonstrate the whole design and proposal process and 
motivate the students. During the "pilot" of this unit, the 
video will consist of an interview with an actual artist de- 
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scribing the design and proposal process as well as exam- 
ples of several public sculptures in the area. In years fol- 
lowing, the video will show work done by students en- 
gaged in the design and proposal process during the 
sculpture unit and will include the following images to il- 
lustrate the progression: 

□ introduction to project 

n students in discussion groups 

□ students in environment filming 

n students working with technological tools 

□ graphic depicting software and student and artist 

□ students working as apprentices to the artist on inter- 
disciplinary skills 

□ graphic of sculpture in the environment 

□ students critiquing a proposed video 

□ students presenting final proposal 

2. Students will gain the necessary background knowledge 
by engaging in a process of discussion, research, and ex- 
ploration of 

□ the elements and principles involved in sculpture, with 
an emphasis on basic shapes. 

□ the technological tools and mediums to be used as re- 
placements for construction materials. Pencils and paper 
are replaced by computers and specific software. Photo- 
graphic film and animation by hand in video form are 
replaced by digitized software. Mediums like wood, 
metal, paper, clay are replaced by film. Using the more 
abstract or formal technology tools also facilitates higher 
order thinking and problem solving skills. 



o the value of the project to students and the community, 
including the importance of art in their daily lives. The 
opportunities for leadership, collaboration, and height- 
ened self-awareness will also be discussed. 

□ pertinent art history, especially the past and present roles 
of artists and apprentices. 

□ what works and what does not work in their use of tech- 
nology in preliminary designs. For example, one com- 
puter program enables students to experiment with 
"skins" of different colors and textures for their potential 
artform; another software allows students to rotate, flip, 
suspend, compact, and further manipulate their artform 
as well as cast it in different lights and place it in differ- 
ent contexts. Students will compare and contrast their 
explorations. 

□ real-life dilemmas in which interdisciplinary skills are es- 
sential. Students will benefit from the guidance of the 
mentor artist, when needed. 

3. Each small group of students will be given an environ- 
ment, a tool, and software to design their proposed sculp- 
ture and prepare their video. They must decide how to 
make use of their strengths in this process. The teacher 
now becomes a coach. Students in this phase may also look 
to the artist, subject area specialists, and community pro- 
fessionals for assistance. 

4. Each group will show their video while other students 
offer constructive criticism. Problems and potential solu- 
tions will be discussed, and refinements will be made. 

5. Students will present their proposals, including their re- 
vised videos, to their classmates. They will receive imme- 
diate feedback from their peers, and the class will select 
one group s work to represent their best thinking. That pro- 
posal will then be presented to the city council for their 
acceptance or rejection and their feedback. The students, 
teacher, and artist will debrief what they have learned about 
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making a proposal for a public sculpture and what they 
have learned about this artform and its importance in every- 
day life. 

"How do we make a proposal for a public sculpture?" 
is definitely a semester-long unit. It is estimated that it will 
take 10 to 20 days for students to complete any one of the 
following tasks: becoming familiar with the software; con- 
ducting the research; developing the sculpture in an envi- 
ronment on the computer in three dimensions; compiling 
the information in a rough draft, including speech, music, 
and film; finalizing the project; and presenting it to the city 
council. 



REFLECTION AND SELF-ASSESSMENT 



This unit has not yet been taught, so it may therefore be 
premature to evaluate it. However, when reflecting upon 
this unit and assessing its effectiveness, it may be helpful 
to consider the following questions. How appropriate was 
the level of difficulty? What are some additional ways in 
which students can have more of a codevelopment role, es- 
pecially with regard to subquestions and assessment crite- 
ria? How might the journal be structured for optimal 
recording, reflection, and self-assessment? 

It is anticipated that this unit will be highly successful 
because it is interdisciplinary, problem-based, authentic in 
its task and its audience, and because teachers and students 
take on meaningful and appropriate roles. Perhaps the 
biggest questions will be: How can students connect this 
meaningful learning with subsequent experiences in art, 
other subject areas, and in their homes and community? 
How can they sustain their heightened expectations and ef- 
ficacy? 
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SELF-DIRECTED ACTIVITIES 



The second stage of the pbl-cd model, Planning and Implementing the Teaching and 
Learning Process, involves planning for and implementing five phases of progressive prob- 
lem solving. These phases are described in detail on pages 73-76 of Goal 3 and in Ap- 
pendix C. We will move through the five phases of progressive problem solving during 
the next four sets of self-directed activities. In this activity, we focus on Phase 1: Identify- 
ing Specific Problems. 



Understanding the Teacher Authors' Pbl-cd Units: Compare and contrast ideas 
from the two pbl-cd units. What useful ideas have these teacher authors incorporated into 
their pbl-cd units? Which ideas are unique to each unit and which are common to both 
units? Record them in the appropriate areas of this Venn diagram: 
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Understanding and Planning for Your Pbl-cd Units: Phase 1 — Identifying Specific 
Problems. Using Goal 3 and Appendix C as references, what ideas from the Venn would 
be most useful to you as you build upon preliminary plans in preparation for Phase 1? 




Think about how these ideas as well as your own will help you to prepare for Phase 
1 of progressive problem solving in the classroom: What teaching and learning strategies 
will help you and your students identify specific problems? What teacher roles and stu- 
dent roles will be most appropriate throughout this phase? 



Teacher 
Roles 


Teaching Goals and 
Strategies 


Student 
Roles 


Learning Strategies and 
Responsibilities 
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Acting and Sharing: When you have completed a draft of possible instructional ac- 
tivities for Phase 1, share your ideas with a critical friend team. Describe your plans for 
your informal conference below. 
Process for a "critical friend" dialogue: 

□ share your desired outcome for the conversation 

n ask your critical friend to practice active listening and ask clarifying questions 
o offer constructive, nonjudgmental feedback 



Reflecting: Reflect upon the outcomes of your critical friend conference. List or in 
some way represent them (metaphor, graphic organizer, icon). 
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EJ 



Rethinking and Refining: What are the implications for you or your teams unit plan? 
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goal 5 



Applying PBL-CD to 






Science and Mathematics | 



In this Goal, the Profiles focus on problem-based learning 
in science and mathematics contexts. The two schools pro- 
filed are very different in terms of their problems, resources, 
research, and student populations, yet both utilize rich com- 
munity resources. 
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Gladstone Elementary School in Chicago is an inner city 
school that is home to large numbers of special education 
students. Additionally, there is an unusually high incidence 
of asthma and other health problems in the school com- 
munity. To address issues of health and disability, the 
school collaborated with a local university to provide a large 
family and community health center. This unit focuses on 
how to use problem-based learning to address the asthma 
problem there. This Family Nursing Center would serve as 
a major resource throughout the project. Many of the goals 
and procedures of pesl (project-enhance science learning; 
Feldman & McWilliams, 1995) fit well with the research 
component of this unit. To recall from Goal 1 in this book, 
we described the events that took place in Pease Middle 
School when they used an air pump to sample the quality 
of the air at their school and found too much C0 2 in the 
air. The idea at Gladstone was to use the air pump and the 
pesl approach to search for the causes of asthma in local 
air conditions in and around the school. Accordingly, this 
is a rich interdisciplinary unit with science objectives fo- 
cusing on technology use and the inquiry process, math- 
ematics objectives focusing on data collection and analy- 
sis, as well as language arts and health objectives. 

The Museum Project, developed by an elementary 
school for gifted students in Chicago, emerged in part from 
access to a major zoo, and in part from discussions focus- 
ing on the use if the metaphor of school-as-museum and 
museum-as-school to describe the nature of informal, 
highly engaged learning. The initial plan was for Edison to 
launch into pbl-cd through a large, multigrade project fo- 
cusing on parallel evolution in biology. The students were 
to build a small display for a museum that would contain 
information about toucans and hornbills. Extensive plans 
were made to develop activities that would enhance stu- 
dents' understanding of the broader concepts related to par- 
allel evolution. The activities would incorporate history 7 as 
well as science objectives and develop multiple intelli- 
gences and abilities. The school was very concerned about 
making sure that their students were challenged and fo- 
cused on concepts consistent with high expectations for 
gifted children. As students, teachers, and others inter- 



acted, the focus shifted to the rain forest, the scope of the 
display escalated, and the project prompted great enthusi- 
asm across the school Teachers learned a great deal about 
the process of pbl and have great plans for reteaching this 
unit. 



WHAT CAN WE DO ABOUT ASTHMA IN OUR COMMUNITY? 



Delamie Thompson, Paul Gilvary, and Mary Moffitt, 
Gladstone Elementary School 

Overview of the Project 

The purpose of our project is to involve inner city ele- 
mentary students in an authentic learning project whereby 
they investigate causes, incidence, and treatment of a ma- 
jor health problem in the local community: asthma and its 
related conditions. Through small group inquiry related to 
an open-ended question, "Why is there so much asthma 
in our community and what can we do about it?", sixth 
grade students will gain an understanding of how the en- 
vironment affects their health. They will then share this un- 
derstanding and their recommendations with others. The 
project will take place over one trimester and will involve 
many subject areas including health, science, math, and 
the humanities. 

Gladstone students will build a common knowledge 
base related to causes, incidence, and treatment of asthma 
toward the goal of sharing their findings and recommen- 
dations with others who might also benefit. Students will 
compare the incidence rate of asthma and students' man- 
agement methods with data gathered from health-related 
sources and from students at other schools. This will be a 
powerful learning experience as students formulate and 
modify guiding questions and conduct their own investi- 
gations, analyze research conducted by others, and gener- 
ate solutions to a real problem. 

We have used the indicators of engaged learning and 
many of the interdisciplinary, problem-based practices de- 
scribed in this book to design this unit. 
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DESCRIPTION OF THE SCHOOL 



Gladstone school is located on Chicago's near west side, 
an industrial part of the city. Approximately 81% of the 
530 students are African American and 18% of the stu- 
dents are Hispanic. Greater than 90% of the student pop- 
ulation are from poverty-level homes. This affects students 
in many ways, including their health. Realizing that stu- 
dents' primary needs must be met before learning can oc- 
cur, the school has made considerable efforts to become 
an integral part of the community. Gladstone participates 
in many innovative community projects including estab- 
lishment of the Family Nursing Center, which is located in 
the school building in conjunction with Saint Xavier Uni- 
versity School of Nursing. The Nursing Center is funded 
by a grant from the federal government. 

This project was initiated by Paul Gilvary, a science 
teacher at Gladstone, and Delamie Thompson, Community 
Nurse Specialist of the Family Nursing Center at Gladstone. 
Project-based learning is a relatively new idea for teachers 
at Gladstone, though hands-on and authentic tasks in 
health units have been part of the school's philosophy in 
establishing an on-site health center. Therefore one of the 
authors, Mary Moffitt, collaborated with Paul and Delamie 
to develop and write this unit. 



RATIONALE FOR THE PROJECT 



Purpose 

The current rate of asthma at Gladstone is 8%, though the 
actual rate is likely to be higher because inconsistent med- 
ical care often leaves asthma underdiagnosed. Studies have 
shown a higher incidence of asthma in low income areas. It 
is estimated that nearly 10% of hospital admissions in an in- 
ner-city are for asthma related conditions. Scientists specu- 
late that this is due to increased levels of allergens in the air. 

Lack of routine medical care and inaccessibility to 
health-care resources often make for poor management of 
asthma in the inner-city. Children may present with an 
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asthma episode but have no inhaler, the most effective way 
to treat an episode. Currently, Gladstone students and fam- 
ilies have fairly limited information about asthma and the 
potential precipitators of an episode, making prevention 
more difficult. We want our students to understand their 
condition and to feel safe not only in self-managing, but 
also in being able to depend on knowledgeable peers and 
adults when they have an asthma episode at school. This 
means the entire school community must become familiar 
with the triggers of and the treatments for asthma. 

By identifying and investigating questions related to 
asthma, children will learn more about how their bodies 
respond to the environment and to other factors, such as 
emotions. This chronic health condition can become em- 
powering to a child as he or she gains understanding and 
learns more about asthma and ways to control it. 

Many questions come to mind related to causes, inci- 
dence, and treatment of asthma for Gladstone students. 
Why is our rate of incidence of asthma so high? Why are 
so many of our students and their families unaware of 
proper management strategies for asthma? What is the best 
way to keep asthma under control? What factors in our 
physical environment and our psychological environment 
contribute to frequency of asthma episodes? Why do we 
have so many allergens in our air? How do others deal with 
asthma? How can we publicize proper care methods to 
those in our school community who do not receive regu- 
lar medical care? 

Research 

This project was designed to emulate the goals and to fol- 
low many of the procedures and methodologies of the Pro- 
ject-Enhanced Science Learning (pesl) model (Exhibit 3). 
In this learning-centered model, students are guided to de- 
velop skills in building on prior knowledge and experi- 
ences to construct new conceptual understandings (Pfister, 
1993). The goal of such an approach is to bring the sci- 
entific method into the classroom in a more realistic and 
meaningful way for students. This approach allows stu- 
dents to learn something interesting and valuable, but also 
to change their conception about themselves and their own 
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exhibit 3 Gladstone Asthma Project Goals 

1 . Build Knowledge via Authentic Tasks 

• Mathematical Problem-Solving Skills 

• Using Scientific Method & Practice 

2. Develop Research Skills 

• Using On-Line Reference Sources 
■ Contacting "Expert 1 ' Sources 

3. Practice *Hands-Gn N Skills of Science 

• Creating and Using Tools 

4. Strengthen Cooperative Social Skills 

• Working in Collaborative Groups 

• Conducting Interviews 

• Developing Questionnaires 

5. Refine Communications Skills 

• Writing to Express Ideas 

• Persuasive Speaking 

• Interviewing Techniques 

• Creating Multimedia Presentations 

6. Enhance Thinking Skills 

• Analyzing & Synthesizing Information 

• Generating Findings & Recommendations 

7. Empower Learners 

• Effecting Quality of Own Life 

• Making a Difference in Other's Lives 

Note: Adapted from Project- Enhanced Science Learning (PESU Model by Gladstone Elementary, 1996. 



efficacy (Tinker, 1993). Students become involved learn- 
ers as they are guided in constructing their own tools as 
well as in using scientific investigation tools (e.g., water 
quality assessment devices) to solve relevant problems. 

For this project, students will be studying air quality 
and its relation to incidence of asthma using a simple sy- 
ringe air pump developed by terc (Technical Education 
Research Centers) for school use Terc, a company based 
in Massachusetts, develops a variety of educational mate- 
rials that emulate the tools and methods used by practi- 
tioners in the scientific fields. Many of their projects in- 
corporate shared databases of information gathered by 
students around the world. By following the elements of 
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the terc model for our investigation of asthma, Gladstone 
students learn to (a) think like scientists by working with 
data and addressing substantive problems, (b) collaborate 
as scientists by working with peers and mentors to plan 
and carry out an investigation, (c) communicate and de- 
bate their findings, and (d) evaluate their own work and 
the work of others (Feldman & McWilliams, 1995). 

Communication technologies will allow Gladstone stu- 
dents to collaborate with others in different environments. 
By sharing and comparing their data, students will build 
knowledge and develop increased confidence in their own 
abilities. Through connection with the terc program, as 
well as over the Internet in general, students will have di- 
rect access to a rich set of resources on-line, including sci- 
entists and health-care experts, for information gathering 
and discussion of their hypotheses and ideas. Students will 
be learning multimedia techniques and new communica- 
tion skills for sharing information as they present their ideas 
and information to a broad audience in a persuasive and 
useful manner. 

Broad Student Outcomes 

Many of the Gladstone project outcomes relate to Illinois 
State Goals as well as our local curricular expectations for 
sixth grade. In Science, students will be able to 

□ recognize relationships between science and technology 
and the social and environmental implications and lim- 
itations of technological development. 

E gain a working knowledge of the principles of scientific 
research and experimentation and apply these in simple 
research projects as they gather, report, analyze, and 
communicate data using the process skills of science (ob- 
serving, classifying, predicting, interpreting data, infer- 
ring, concluding, etc.). 

In Math, students will be able to 

□ understand and use methods of data collection and 
analysis, including charts, tables and comparisons. 
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□ make and use measurements, including those of area and 
volume. 

□ use mathematical skills to estimate, approximate, and 
predict outcomes and to judge reasonableness of results. 

In Physical Development and Health, students will be able 
to 

□ understand the principles of nutrition, exercise, efficient 
management of emotional stress, positive self-concept 
development, drug use and abuse, and the prevention 
and treatment of illness. 

o understand consumer health and safety, including envi- 
ronmental health. 

In Language Arts, students will be able to 

n read, comprehend, interpret, evaluate and use written 
material. 

□ listen critically and analytically. 

□ use spoken language effectively in formal and informal 
situations to communicate ideas and information and to 
ask and answer questions. 

Students will also be developing outcome skills of the 
sixth grade social studies curriculum as they share and 
compare their results with those of students from other ar- 
eas, noting not only the differences but similarities between 
the groups. In the process, students will also learn to use 
various information and communication technologies, to 
communicate their needs to community leaders and pol- 
icy makers, and to be an educated consumer of the avail- 
able health-care systems. 

Broad Task and Ill-Structured Problem or Question 

Students will engage in investigations to gather informa- 
tion related to the overarching question of this study: "Why 



is there so much asthma in our community and what can 
we do about it?" Over the course of this project, students 
will build and refine a common knowledge base related to 
the various causes and triggers, rates of incidence, means 
of prevention, and effective treatments of asthma. The class 
will collaboratively establish a set of findings and recom- 
mendations that can then be shared with interested and 
authentic audiences (i.e., those who might also benefit) 
within and beyond the school community. 

Assessment 

One of the key outcomes of this project will be an increase 
in our students' sense of responsibility for and feelings of 
efficacy related to maintaining their own health as well as 
that of others within their community. Assessment will be 
performance-based and ongoing throughout the project. 
There will be an opportunity for each student group to pre- 
sent their findings and recommendations to an authentic 
audience, either from within the local community or be- 
yond. Presentations may be in the form of writing, video, 
persuasive speaking with visual aids, hypermedia (com- 
puter-supported multimedia), or other appropriate format 
determined by students and their teachers. Students and 
teachers will codevelop criteria for acceptable and exem- 
plary performance and mastery of outcomes. Students will 
also submit artifacts and interim summaries of their work 
to be collected in a class binder for this project. Addition- 
ally, students may elect to keep a reflective journal of their 
work to be shared with another student or one of their 
teachers. 



FLOW OF THE PROJECT AND TIMELINE 



This unit of study will continue for one trimester or ap- 
proximately 12 weeks. As part of this project, Gladstone 
plans to join terc's Global Lab Network, which introduces 
students to real-world science. Through this program, stu- 
dents acquire research experience while they learn essen- 
tial technical skills and scientific method via high interest, 
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hands-on activities in the classroom. The core philosophy 
of the Global Lab is to teach basic investigative skills, 
methodologies, and scientific ethics to students before they 
undertake advanced research projects. So, prior to begin- 
ning the 6- week group investigative phase, we will have 
spent another 6 weeks of class time developing skill in the 
basics of scientific method and of collecting and analyzing 
data using the Global Lab curricular materials. Use of these 
materials and practice projects will allow a knowledge base 
to develop that can then be applied during the problem- 
based study of asthma. 

The flow of this project will be organized around a 
number of student research groups, each group focusing 
on a separate problem related to the question, "Why is there 
so much asthma in our community and what can we do 
about it?" Initially, this broad task and problem will be pre- 
sented to students by sharing anecdotal incidents that con- 
vey the importance and relevance of this upcoming unit. 
Teachers will guide students in developing a preliminary 
concept map, which will help define problem areas to con- 
sider in answering the broad question. We plan to use a 
management template developed by the authors of this 
book to organize the flow of group work. We found it use- 
ful in our preliminary planning to speculate how the scope 
of this unit might play out with potential student groups 
(see Figure 6). 

Students will work in small, self-selected groups, gath- 
ering information and formulating answers to guiding 
questions. Each "expert" group will determine their own 
question for inquiry related to cause and impact, rates of 
incidence, means of prevention, and effective treatments 
based on these aspects of asthma as a disease: physical, so- 
cial-demographic, psychological, and environmental. Over 
the course of this project, students will build and refine a 
common knowledge base related to the various aspects of 
asthma. Throughout this project, we want all students to 
achieve each of the identified outcomes for science, math, 
health, language arts, and social studies. All groups will 
employ the scientific method in their study as they estab- 
lish findings and recommendations. Students will also be 
expected to share their work not only with their classmates, 
but with another group of peers or adult mentors on-line. 
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It will be especially empowering for students to for- 
mulate and modify guiding questions as they conduct their 
own investigations, analyze research conducted by others, 
and generate solutions to a real problem. Throughout this 
project, students will convene as a single group to share 
findings and ideas, working together toward consolidating 
and synthesizing the growing pool of information about 
asthma. Teachers, and possibly outside experts, will ask 
probing and guiding questions to assist students in bring- 
ing the concepts and ideas into clear focus. As this debriefing 
process continues, it will be easier for students to make rec- 
ommendations that incorporate all aspects of the problem 
of managing and preventing asthma within a community. 

During the course of this trimester-long project, stu- 
dents will develop research skills by accessing current data 
related to the cause and treatment of asthma. They will go 
on-line to search for appropriate and useful material and 
to consult professionals in the field. Gladstone is fortunate 
to have on-line capacity in both the learning center and in 
the science room. Although our infrastructure does not cur- 
rently allow a ''robust 1 ' connection (capable of full-motion 
video and speedy retrieval of graphics), we do have graph- 
ical interface connection to the Internet. We hope that in 
subsequent years of using this unit our telecommunications 
capacity will be improved. 

Groups of students will construct and post on-line their 
own questionnaire related to asthma for other students and 
professionals to complete. Information will be entered into 
a database for a variety of mathematical analysis activities. 

Students will learn to use the terc simple air pump to 
gather samples from a variety of locations in their envi- 
ronment. Data collected on air quality will also be entered 
into a database for analysis and the results will be graphed 
for comparison. Students will compare the local incidence 
rate of asthma and students' current management methods 
with data gathered from health-related sources, such as the 
Center for Disease Control, and from questions asked of 
students at other schools. Students will devise various 
means of reporting and presenting a synthesis of their find- 
ings and recommendations according to the needs of a va- 
riety of audiences — peers, older or younger siblings, teach- 



ers and school personnel, parents and family members of 
asthmatics, community members, policy makers, or med- 
ical practitioners. Final presentations will be based on small 
group investigations as well as the whole group consoli- 
dation of research related to treatment and prevention for 
the areas of physical, social-demographic, psychological, 
and environmental concerns. 

A final series of debriefings will occur after each of the 
group presentations to review the process and make any 
adjustments to the class concept map. Ideas for further 
study might also be generated at this time. 



SAMPLE ACTIVITIES 



This unit may generate a great variety of activities. One ac- 
tivity we will do is to use the scientific method to see what 
elements in the environment are affecting the students' 
asthma. The procedure will be as follows: 

1 . Students will collect air samples from the environments 
frequented by the students. They will use a hand-drawn 
syringe air pump, designed by terc for school-use. Al- 
though simple, the pump is accurate in collecting air to be 
analyzed. 

2. The air samples will be analyzed using scientific proto- 
cols from the pesl (project-enhanced science learning) 
methodology. 

3. Students will plot and graph data, and create a database 
of pertinent information to be shared with other schools 
on-line. 

4. The results will form a basis for class discussions. Stu- 
dents will have opportunities to compare data with stu- 
dents from other demographic backgrounds by communi- 
cating on-line with students from schools in the suburbs 
or across the country. Through this knowledge sharing be- 
tween schools in different locations, we will see if there is 
a correlation between the environment and the incidence 
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of asthma episodes. Students will learn what allergens trig- 
ger their individual episodes and where these allergens are 
found in their environment (with the air analyzer). With 
this information and using results from the group investi- 
gations, students can learn how to eliminate as many al- 
lergens as possible, making a healthier environment for 
themselves and their classmates. 

In another activity, nursing students from the Family 
Nursing Center will work with Gladstone students to de- 
velop a working knowledge of respiratory anatomy and 
physiology as well as on the pathophysiology of asthma. 
Students will be coached in using a simple tool called a 
peak flow meter to measure the velocity of their exhalation 
(which detects early stages of airway obstruction) at rest, 
after exercise; and for those students with asthma, during 
an episode both before and after using an inhaler. Students 
will then graph and analyze this data with their classmates. 
They will compare the peak air flow of those children who 
do not have asthma with those who do. Students will keep 
a journal for 2 to 3 weeks documenting such things as the 
weather, stress, exercise, and the resulting effects on their 
own respiration. By also publishing their data on-line, stu- 
dents can also compare their results with those from other 
schools of different demographic characteristics. 



REFLECTION AND SELF-ASSESSMENT 



This unit has not yet been taught and can therefore not be 
evaluated. It may be helpful to formulate a few reflective 
points to consider and questions to guide ongoing evalua- 
tion and refinement of this unit as it is used with students. 

For example, we want to make sure that this truly is 
an authentic and relevant task for students. We anticipate 
that they will have a vested interest in their learning re- 
lated to asthma, their environment, and development and 
maintenance of sound heath-care practices. Clues to us as 
teachers in this project will be to monitor the informal con- 
versation and reporting of findings of students — are they 
excited enough to want to regularly update their classmates 
and families at home? 
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We will also want to assess the management issues of 
accomplishing our goals and achieving the identified student 
outcomes. Are the tasks and roles assumed by students broad 
enough to cover a range of concepts, yet narrow enough so 
as not to lose impact and accessibility to specific skills? What 
have our students learned about building knowledge 
through sharing and refining their findings? Do the perfor- 
mance-based assessments reflect the students' highest level 
of learning, or are they more for show than substance? 

Most importantly, we want to assess whether our stu- 
dents truly have been involved in a codevelopment process. 
Have they been provided sufficient opportunities to con- 
tribute to the evolving activities of this unit? If not, where 
do we need to make changes for future uses of this unit? 

We have made an effort to follow the design process for 
problem-based learning offered in this book and have found 
the process to be workable. We feel that all of the elements 
were considered in the planning process, so we anticipate 
that the classroom implementation of this project should go 
quite well. We are hopeful that the learning experience will 
be a powerful one, not only for our students and the school 
community, but for us as learners, too. 



A MUSEUM PROJECT: PARALLEL EVOLUTION 



Sheila Schlaggar and Gail Sims Smith, Edison Regional 
Gifted Center 

Overview of the Project 

Ours is an interdisciplinary project involving three class- 
rooms, one each from grades four, five, and six, in a 6- 
week study of parallel evolution. The project initially linked 
our students with partners at the Brookfield Zoo near 
Chicago in the study of the physical structures and adap- 
tations for survival of toucans and hornbills, as well as the 
environment in which each species lives. Math skills were 
enhanced as data were gathered and analyzed. A study of 
geography, climate, and the ecosystem of the birds' ranges 
allowed for conclusions and projections. Students utilized 
reference skills, both at the school and over the Internet to 
research the available materials on their topics. The final 
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aspect of the project was museum-quality exhibits that de- 
tailed the two types of birds and their habitats and com- 
pared and contrasted the niche occupied by each bird. The 
display highlighted the plight of the rain forest and docu- 
mented student conclusions as to why there are species or 
types of animals in one part of the world similar to ani- 
mals in another. 

This project was planned in the Fall of 1994 and taught 
in the Spring of 1995. It will be taught again, building on 
the feedback and analysis of the first cycle. 



DESCRIPTION OF THE SCHOOL 



The Edison Regional Gifted Center is a Chicago Public 
School serving 275 students in kindergarten through eighth 
grades identified as academically gifted. Our students have 
been selected through an approved process, according to 
federal and state guidelines. As part of a desegregation ini- 
tiative, our students represent the cultural, ethnic, and so- 
cio-economic diversity of our urban setting: 36% White, 
13% African American, 22% Asian, 25% Hispanic, and 5% 
Native American. They are bused from a wide geographic 
area of the city. Edison is a small school with one class per 
grade, with a fairly informal, intimate environment where 
students are able to exercise personal initiative and to act 
on their self-motivation. 

Our learning resource center is well-equipped with 
standard school research materials and a good computer 
lab. Classroorri materials are also plentiful. Our use of tech- 
nology is expanding; but during the first year of this pro- 
ject, it was at a very basic level — cd-rom research, word- 
processing, graphics, and video. The school is now ready 
for voice, video, and data connectivity (i.e., the ability to 
access resources within and beyond the school because of 
connections to those resources). 

In terms of educational philosophy, we believe in an 
experiential, hands-on approach that is oriented towards 
specific goals. We want students to be able to demonstrate 
their knowledge and understanding through application 
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and construction. It is our belief that students should be 
both consumers and producers of knowledge. 

The faculty, under the direction of Sheila Schlaggar, 
the principal, has moved away from textbook-based in- 
struction toward problem-focused, project-based instruc- 
tion, employing inquiry and scientific method applications 
across content areas, multiple resources, model-building, 
and performance and portfolio assessments. During the 
past 3 years, faculty stability has been an issue because of 
early retirement opportunities. However, although half of 
the faculty is new to the school, with the leadership of the 
principal and Gail Smith, librarian and technology-media 
specialist, the movement to implement problem- and pro- 
ject-based learning and to use technology to enhance learn- 
ing continues to grow and strengthen the instructional pro- 
gram. 

The lead teacher for the Museum Project was Jack Mat- 
sumoto, a science teacher. Another science teacher, three 
homeroom teachers, and a student teacher joined Jack, 
Gail, and Sheila in guiding, planning, and implementing 
the unit. 



RATIONALE FOR THE PROJECT 



Purposes 

We saw problem-based learning as a natural extension of 
our school's strong science instruction and of our move- 
ment toward a more integrated, inquiry-oriented program. 
We recognized that authentic learning took place if stu- 
dents were involved in meaningful activities valued by oth- 
ers. We stressed multiple intelligences and students' per- 
sonal development of their intelligences. We envisioned 
this project to be an integration of those qualities of 
learning. 

We selected biology for our major content area, and 
focused on a parallel evolution question relating to the de- 
velopment of two similar birds, hornbills and toucans. We 
investigated their physical structures, places in their ecosys- 
tems, and adaptations for survival. The study of geogra- 
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phy, climate, habitat, plants and animals of the birds' re- 
spective ecosystems, research skills, mathematics for the 
organization of data, reading, writing, arts and crafts, and 
the use of technology were important to the facilitation of 
the project. 

Research 

Our research base was twofold: (a) the twin metaphor of 
museum-as-school and school-as-museum, and (b) the role 
of multiple intelligences. We chose the museum idea from 
Gardners book, The Unschooled Mind: How Children Think 
and How Schools Should Teach (1991), to drive the vision 
for our project. In his book, he argues that classroom learn- 
ing should be more like learning in museums: that is, a 
more informal atmosphere involving hands-on experience 
with materials, whereby learning is more spontaneous and 
involves many aspects of thinking. Looking at the other 
side of the metaphor, we knew that museums, zoos, and 
other sites of informal learning, were becoming increas- 
ingly interested in reaching out to schools, not only to work 
with them but also to have exhibits in schools. As it turned 
out, we had an interest in working with museums. Putting 
these ideas together, we thought that making some displays 
for our school and for the Brookfield Zoo would be an au- 
thentic task, especially if we had input from the zoo along 
the way. 

We wanted to stress the role of the multiple intelli- 
gences (mi) model in designing and developing the overall 
project. We had experimented with embedding selected 
pieces of Gardner's theory in less ambitious activities. We 
thought that the notions of individual learning styles, pref- 
erences, and perspectives lent themselves very well to a 
broad-based undertaking. We saw the great span of indi- 
vidual differences within our student population, especially 
in the grades targeted for this project. Our students often 
seemed to be pushing themselves, trying to find out about 
their strengths and weaknesses. What we wanted to do was 
to provide choices, to encourage more than verbal-lin- 
guistic or logical-mathematical abilities, to help students 
see that learning is a multidimensional process. 



Another significant factor, clearly grounded in the mul- 
tidimensional process, is the natural relationship of learn- 
ing to ability and interest rather than an artificial connec- 
tion to age or grade. We wanted to further expand the 
students' possibilities by blending the cross-graded struc- 
ture with the mi structure. 

From our previous mi efforts, we had come to realize 
the complexity of its format. Its complexity is related to the 
manner in which the mi lesson format needs to be inte- 
grated into the instructional process. We knew that we had 
to design those types of lessons, directly relating them to 
the Museum Project. We believed that the students' knowl- 
edge of their intelligences, ability to utilize their intelli- 
gences, and knowledge of what their intelligences could do 
for them would be our actual goal, with the Museum Pro- 
ject as the means with which to accomplish it. 

Broad Task and Problem 

The driving question for the Museum Project was: How is 
it that two similar birds, toucans and hornbills, developed 
and live in two different parts of the world? The initial 
broad task was twofold: (a) students were to do research 
to address this question and (b) they were to build a mu- 
seum exhibit that would be on display at the Brookfield 
Zoo. The assumption was that the exhibit would focus on 
telling the story of the parallel evolution of the two birds. 

Student Outcomes and Assessments 

The student requirements for the project were on two lev- 
els. On the first level, students worked within their class 
in groups and kept research notes and illustrations, pre- 
pared a fact sheet on a self-selected topic, created a visual, 
constructed an artifact from one of the ecosystems, wrote 
an informational piece for a text, organized personal re- 
search in order to teach and inform others, and prepared 
a talk on a self-selected topic from personal research. On 
the second level, students worked in cross-graded groups 
and shared their personal research, produced a brochure 
for zoo, community, and school patrons, created a segment 
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of the physical exhibit, completed a paper and pencil test 
on the material studied, prepared to act as docents for tours 
and invited guests, and responded to an evaluation assess- 
ment of the entire project. Nearly all of the artifacts or prod- 
ucts of student work throughout the project were evalu- 
ated using teacher- or student-developed assessments. 

Although we had specific requirements and assess- 
ments, we also realized that for students' optimum success 
we needed to allow for student self-direction, cooperative 
decision making, and creative expression. We found our- 
selves constantly talking through what we were doing: 
checking to see that the basics were covered and that the 
basic skills were combined with evolving, increasingly 
complex skills. This skill-building process increased the 
meaning and value of what the students were designing, 
creating, and producing. 



FLOW OF THE PROJECT AND EXAMPLES OF ACTIVITIES 



When we began the Museum Project, we realized that it 
was going to be an expanding experience. Figure 7 shows 
the flow of the project, as planned for, over a six week pe- 
riod. Both the teachers and the students felt the need for 
more overall direction in what was expected and what 
could be done. They wanted to see what an exhibit would 
look like. We took the students to a local city zoo and to 
a natural history museum, prepared to see what an actual 
museum project or exhibit looked like and ready to ana- 
lyze its component parts. Museum and zoo personnel met 
with us and came to Edison to work with students. We also 
visited the main city library for better access to research in- 
formation. The science librarian was very helpful and con- 
tinued to provide information throughout the project. 

Soon it also became apparent that students' interests 
and questioning would influence our direction. We 
watched the students take-off and drive the project. Their 
passionate concern about the plight of the rainforest as an 
environment became the driving force for the exhibit, 
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GRADE 4 

Students will research geography and 
climate of Africa, Asia, Central, or South 
America. 


RESEARCH GROUPS 

Students will meet with 
students in grade-level groups 
to perform basic research. 
They will collect data on their 
assigned topic. 








GRADES 

Students will research the ecosystem that 
supports each animal. 








GRADE 6 

Students will research the physical 
structures of the Toucan and Hombill. 








REPORT/SYNTHESIS 
GROUPS 

Students will meet in cross- 
grade teams to integrate 
information and generate 
predictions. 




GRADE LEVEL EXPERTS 

Each group will have fourth grade stu- 
dents as experts on climate/geography, 
fifth grade experts on ecosystem, and 
sixth grade experts on biology. 






TEACHER ROLES 

Teachers function as guides and facilita- 
tors for student teams. 






EXHIBIT PRODUCTION 

Students will select and 
produce maps, charts, 
models, dioramas, timelines, 
artifacts, or multimedia 
computer productions. 








VISITOR/LEARNER PACKET 

Students will produce brochure and 
Project Muse frames. 










EVALUATION 

Students and teachers will plan criteria and 
assess both the project itself and the 
exhibits produced. 


COMMUNITY BUILDING 

Students will present their 
work to fellow students, 
community members, and 
over the Internet. 







Figure 7 Flow chart for Museum Project Copyright Gail Sims Smith, 1995. Used by permission. 



Applying Pbl-Cd to Science and Mathematics 



rather than the original research question about the two 
birds. 

Specifically, the students' projects grew from a simple, 
straightforward walk-by exhibit highlighting two birds 
and their habitats to a complex, three-dimensional walk- 
through exhibit emphasizing the plight of the rainforest as 
an environment. Almost every day, science teacher Jack 
Matsumoto came up with an alteration either the students, 
other teachers, or he had devised. The addition of lighting, 
small reptiles and amphibians, fish, papier-mache trees, a 
photo scrapbook or journal, background music, and a stu- 
dent-made videotape escalated the enthusiasm. The teach- 
ers became more interactive and less directive; they worked 
side-by-side with students, promoting opportunities for ex- 
ercising initiative, creativity, and responsibility. Students and 
teachers could be seen as exchanging roles and teaching each 
other. This was especially apparent during the tours. 

The students focused their energy and enthusiasm on 
their school exhibit rather than on the zoo exhibit. So, we 
invited museum, zoo, library, and university personnel, 
school officials, parents, one of the pbl codevelopers, and 
schoolmates to tour the school exhibit. Every cross-grade 
group prepared its own presentation, each student acting 
first as a part of the group and then one-on-one with guests 
and visitors. Having real audiences made a difference: 
Watching the interactions, we actually witnessed the stu- 
dents' realization that they had learned some powerful ma- 
terial and that their work was important and valuable to 
others. It was electric! We saw that the learning process 
continued and that new knowledge was being created. The 
students' respect for their work, for themselves, and for 
each other was clearly obvious. Students who had never 
taken responsibility for work, did so. 

The students substantiated these observations when de- 
scribing their experiences and insights into their learning in 
the project evaluation instrument that they later completed. 
Another especially gratifying and unexpected student revela- 
tion was that they recognized value and potential in the cross- 
graded structure. They were able to articulate their appreci- 
ation for the opportunity to work and learn with others. 



REFLECTIONS ON THE UNIT AND PROJECTIONS FOR RETEACHING 



Integrating the daily lessons, the materials, the emerging 
stages of intelligences of the mi model, the three classes, 
and the evolving construction of the artifacts and exhibit 
pieces, all on schedule, was an on-going challenge. We 
learned a lot. 

We used every bit of on-site resources available. Stu- 
dents and teachers found themselves gathering data, ma- 
terials, and even people from outside the school during the 
project. Parents brought in personal items, even pets, to 
share with us. The fourth through sixth grade classroom 
walls were plastered with photos and illustrations of the 
two birds and their rainforest habitats. The Learning Re- 
source Center (lrc) was inundated with students, paper, 
texts, and software. Teachers and students brought and 
used a variety of materials, commercial and school, to do 
the physical creation and construction of the exhibit. 

We reorganized parts of the school day to arrange time 
for students and faculty to work together. Everybody gave 
extra personal time to guarantee the successful completion 
of the project. Some things were unanticipated and re- 
quired last minute planning time. The lrc teacher, Gail 
Smith, found herself rescheduling the Flex and Open Lab 
time in order to accommodate the heavy demand. 

We know now that we must expand our resources 
for our second year. We also know that we must provide 
an alternative schedule for the rest of the school during 
this period so that the other students and teachers will 
be involved in equally meaningful, productive, and fun 
projects. 

Because the students were more interested in focusing 
their efforts on the environmental issues and problems re- 
lated to the rainforest than they did on the hornbill and 
the toucan, the project's academic goals were incomplete. 
We will redesign what we did as the basis for the next ex- 
hibit. We will create the new Museum Project by building 
upon the knowledge and the database that the students 
generated this year, making it more of a progressive prob- 
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lem-solving effort. When reteaching this unit, we want our 
students to be able to 

□ concentrate on the evolution of the birds within their 
ecosystems, studying the similarities and differences in 
their physical structures that make it possible for the in- 
dividual birds to survive in that ecosystem. 

n speculate on the birds' survival in their changing ecosys- 
tems, analyzing what they need to survive. 

□ predict survival rates in an artificial ecosystem con- 
structed in the future — on earth, in space, or on another 
planet — selecting and describing that ecosystem. 

We will consider this only as a framework, allowing 
students to construct their own research questions, op- 
portunities and applications. 

In rethinking our unit, we are considering many other 
changes. Increasing the numbers of groups will mean 
smaller numbers in each group (8-9). Increasing the num- 
bers of faculty and other adults will mean greater guidance. 
Increasing the amount of advance planning will clarify roles 
and responsibilities. Putting clear criteria for completion of 
each piece of the exhibit will lend itself to evaluation. Set- 
ting a specific timeline with expectations of finished items 
will aid in the collection of data on learning at each level 
of the project. Having technology and internet connectiv- 
ity in place will expand research capabilities. Building 
additional museum and community partnerships will 
broaden student experiences. Finding more durable con- 
struction materials will mean a more lasting set of artifacts 
and construction of the display. Identifying roles and re- 
sponsibilities within grade level and across grade level 
groups will make the cooperative learning experience more 
effective and efficient. 

Technology will be an increasingly integral part of the 
production of the next Museum Project exhibit. After the 
project was completed, we were able to make some new 
connections to outside resources. Networking with the Mu- 
seum, Zoo, Argonne National Laboratory, and AT&T be- 



gan immediately. Sheila connected with the educational di- 
rector of the city aquarium to further the aquatic piece of 
the rainforest ecosystem. Jack spent a week at the Smith- 
sonian, learning about the breadth and depth of the na- 
tional resources at our disposal electronically. He also 
learned how to access those resources using technology and 
how to use technology to integrate art into the curriculum. 
Some discussion has taken place regarding a home page, 
electronic dialogue with research scientists in the field, as 
well as communication and exchange with students and 
teachers in other schools. 

We also want to follow up on the potential for shar- 
ing the exhibit with other schools and for having it show- 
cased at a "real" museum or library. Because we are "sea- 
soned" veterans, we have some experience to draw upon 
from the technical aspects as well as the instructional ones. 
We know that we cannot anticipate the storehouse of ideas 
that the students will generate, but we have a clearer pic- 
ture of the possibilities for the display. So much conversa- 
tion was sparked by the variety of constructed pieces, the 
style of the brochures, the video, and other individual 
touches, that we are prepared for a veritable explosion in 
next year's creativity. 

Finally, we are committed to continuing the multiple 
intelligences model. Figure 8 shows how we now concep- 
tualize the seven intelligences in our two student roles: stu- 
dent as consumer of knowledge and student as producer 
of knowledge. 

We witnessed the empowerment and self-actualization 
of our children as learners and teachers, as consumers and 
producers of knowledge. We have also strengthened our- 
selves as teachers and learners, conduits for increasing op- 
portunities. We will be watching and studying our students 
as they respond to these opportunities and take the pro- 
ject to the next step. We will be watching them to see what 
they are able to do with what they are learning, as they 
face complex problem-solving and they create solutions. 
We want to find new and more meaningful ways to record, 
document, and evaluate what the students and the project 
achieve. We look forward to implementing our work in the 
next school year. 
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LOGICAL-MATHEMATICAL 

Record and analyze data 



LINGUISTIC 

Read; research; listen; 
interview 




SPATIAL 

Read maps; 
manipulate images 



INTRAPERSONAL 

Organize research, 
student journals 




MUSICAL 

Listen to bird sounds, 
environmental sounds 



INTERPERSONAL 

Interview; communicate with 
experts and other schools, 
research and synthesis 
groups 



BODILY- KINESTHETIC 

Engage in hands-on experiences, trips 
to museum/zoo; handle artifacts 



LOGICAL-MATHEMATICAL 

Synthesize; predict; extrapolate 



LINGUISTIC 

Write report, captions 



INTRAPERSONAL 

Select format for 
reporting knowledge 



INTERPERSONAL 

Cooperate within synthesis 
groups, on visitors brochure 




SPATIAL 

Create timelines, maps, 
visuals, graphics 



MUSICAL 

Provide musical and bird 
sound accompaniment for 
multimedia 



BODILY-KINESTHETIC 

Create artifacts, dioramas, 
mural, collage 



Figure 8 Multiple intelligences and student roles. Copyright Gail Sims Smith, 1995. Used by permission. 
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SELF-DIRECTED ACTIVITIES 

In this activity, we will focus on Phase 2: Developing a Plan oj Inquiry and Work 



Understanding the Teacher Authors' Pbl-cd Units: Compare and contrast ideas 
from the two pbl-cd units. What useful ideas have these teacher authors incorporated into 
their pbl-cd units? Which ideas are unique to each unit and which are common to both 
units? Record them in the appropriate areas of this Venn diagram: 

What Can We Do About Asthma A Museum Project: 

in Our Community? Parallel Evolution 
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Understanding and Planning for Your Pbl-cd Units: Phase 2 — Developing a Plan 
oj Inquiry and Work Using Goal 3 and Appendix C as references, what ideas from the 
Venn diagram would be most useful to you as you build upon plans in preparation for 
Phase 21 




Think about how these ideas and ideas from earlier units will help you to prepare for 
Phase 2 of progressive problem solving in the classroom: What teaching and learning 
strategies will help you and your students identify specific problems? What teacher roles 
and student roles will be most appropriate throughout this phase? 



Teacher 
Roles 


Teaching Goals and 
Strategies 


Student Roles 


Learning Strategies and 
Responsibilities 
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□ 

Acting and Sharing: When you have completed a draft of possible instructional activi- 
ties for Phase 2, share your ideas with a critical friend team. Describe your plans for your 
informal conference below. 
Process for a critical friend dialogue: 

□ share your desired outcome for the conversation 

□ ask your critical friend to practice active listening and ask clarifying questions 

□ offer constructive, nonjudgmental feedback 



□ 

Reflecting: Reflect upon the outcomes of your critical friend conference. List or in some 
way represent them (metaphor, graphic organizer, icon). 
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□ 

Rethinking and Refining: What are the implications for you or your team's unit plan? 
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The two Profiles in this Goal provide contrasting approaches 
to interdisciplinary multicultural studies. The first was de- 
veloped by a teacher-author team from Whittier Elementary 
School in Chicago, a school with an almost entirely His- 
panic student body. The second unit was taught at the Marie 
Murphy Junior High in Avoca, Illinois/ a relatively hetero- 
geneous suburban school population: Although most stu- 
dents are White, there are many Asian cultures represented 
and those students who are not Asian represent diverse Eu- 
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ropean and Mediterranean cultures. These projects reflect 
the differing backgrounds of the students of each school, as 



well as different approaches to pbl-cd. 



In the first Profile, the teachers focus on celebrating the 
students' cultural heritage through "The Aztec Study: Build- 
ing on Children's Capital by Exploring Our Aztec Past." Al- 
though social studies is clearly the lead subject area, the 
project also involves elements of both science and math- 
ematics. The research base here is interesting not only for 
its appropriateness for the learning context but also for its 
authenticity for the teachers at Whittier. Kolian, the lead 
author, did her Masters' research on the work of Louis Moll. 
Moll's constructivist approach, emphasizing that all per- 
sons represent funds of knowledge and human capital, of- 
fers a rich perspective for multicultural approaches in the 
classroom, but is little known among teachers generally. 
This Profile greatly enriches our knowledge base on this 
topic and provides a viable approach for any school wish- 
ing to honor the cultural heritage of its students. This unit 
has already been taught, and there are plans to re teach it 
in an enhanced form indicated in the "Reflections" section. 
This unit shows the struggle that teachers have between 
the need to explore their own limits and those of their stu- 
dents and the need for accountability in the management 
of small group work and in the assessment of social and 
academic skills. 

Rasmussen and her colleagues provide a rich approach 
for a different learning context. The student population at 
Marie Murphy Junior High represents diverse European, 
Mediterranean, and Asian cultures. Whereas the Aztec unit 
was exploratory in nature, "Reflecting the World Around 
Us: Building Multicultural Understanding" was highly se- 
quenced and plotted conceptually before its inception. 
Whereas the Whittier unit defined authenticity in terms of 
the meaningfulness of the cultural focus and the authentic 
audience (display of artifacts in the schools' museum area), 
the Avoca unit is essentially a simulation that requires stu- 
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dents to work through intellectually the various roles for a 
student election, an event of major consequence in their 
lives. 



THE AZTEC STUDY: BUILDING ON CHILDREN'S CAPITAL BY 
EXPLORING OUR AZTEC PAST 



Susan Kolian, Kim Alamar, and Sheila Epstein, Whittier 
Elementary School 

Overview of the Project 

The purpose of The Aztec Study was to integrate our stu- 
dents' cultural background into the curriculum in order to 
provide a context for learning that enhances both their aca- 
demic performance and their personal and cultural iden- 
tity. The 8-week unit involved students from two fourth 
grade bilingual classrooms in a multidisciplinary investi- 
gation of MesoAmerican history. Children began the unit 
by building their knowledge of the Aztec civilization 
through story telling, videos, and hands-on activities. 
Working collaboratively in small groups, children shared 
their knowledge and engaged in learning tasks that facili- 
tated development of bilingual skills in math, social stud- 
ies, geography, science, and the language arts. Then the 
children used higher order thinking skills in order to ex- 
amine the effects of the Spanish invasion of Mexico. We 
capitalized on the students' own experiences of present day 
Mexico throughout the unit. Children were often chal- 
lenged to compare their lives in Mexico with the lives of 
their ancestors, the Aztecs. 

The students' understanding of the topic was further 
enhanced through group projects that required students to 
create artifacts of their choice that represented various as- 
pects of Aztec life and the colonization of Mexico by the 
Spaniards. The students had to demonstrate and share the 
knowledge gained from their group work by giving pre- 
sentations using their artifacts and the results of their re- 
search. Finally, students designed and provided informa- 
tional tours of an exhibition composed of the artifacts from 
their group projects. 
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DESCRIPTION OF SCHOOL 



John Greenleaf Whittier Elementary School (or La Escuela 
Whittier, as it is known by our families) is a neighborhood 
school located in the heart of Pilsen, a Near Southeast com- 
munity in the city of Chicago. For over a 100 years, this 
area has been a port of entry for waves of immigrants, most 
of whom came to America from war-torn European nations 
after World War II and, more recently, from economically 
depleted Latin American countries. Currently, we serve stu- 
dents ages 3 through 13, and operate Head Start through 
the sixth grade. Out of the 553 students we serve, ap- 
proximately 172 were born in Mexico, whereas the re- 
maining are of Mexican American background. Also, 87% 
of our children live in homes of limited economic resources 
and come from families whose income falls in the lower 
indexes of the socioeconomic scale. 

Whittier School is committed to honoring the rich cul- 
tural heritage that our families have brought with them 
from their homeland. Within the past 2 years, teachers and 
staff members, guided by the Local School Council and the 
Professional Personnel Advisory Committee, have em- 
barked on an effort to transform our ways of teaching and 
learning. This school-wide reform is driven by a vision of 
learning founded on principals of problem-based learning, 
dual language acquisition, and technology for engaged 
learning. In an attempt to adhere to these principals of re- 
form instruction, we developed The Aztec Study unit. 

The Aztec Study was developed by Susan Kolian, a 
bilingual resource teacher, and Kim Alamar and Sheila Ep- 
stein, mainstream classroom teachers. Collaborative plan- 
ning and teaching of the project was made possible through 
our work together as a "pod." (At Whittier, pods are small 
groups of grade level teachers that consist of two main- 
stream classroom teachers and one bilingual teacher.) To- 
gether, we have made a major commitment to providing a 
culturally appropriate, dual language learning environment 
in our classrooms. Although authentic learning tasks have 
always been an integral part of teaching and learning in 
our classrooms, we are in the beginning stages of fully un- 
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derstanding and implementing problem-based learning. In 
fact, The Aztec Study began as an open-ended, exploratory 
unit, and over the 8-week period it began to develop to 
have characteristics of problem-based learning. 



RATIONALE, PURPOSE, AND RESEARCH BASE 



In their quest for a better life, many of our students' fam- 
ilies at Whittier immigrated to this country from Mexico. 
They carried with them hopes that education can change 
their lives as well as the lives of their kids. However, dur- 
ing their adjustment, our students and their families have 
faced demands for conformity with new cultural codes and 
beliefs and endured hardships resulting from miscommu- 
nication, stress, and racism. Not surprisingly, our students 
often experience conflicts in their transition from the home 
to the school culture. The difficulties children experience 
in overcoming these cultural barriers sometimes lead them 
to feel alienated, making them less likely to participate ac- 
tively in their learning. 

Unfortunately, our students are among the increasing 
numbers of language minority students who have a per- 
sistent, high rate of educational failure. This makes them 
one of the most problematic groups for educators. Students 
from non-English backgrounds drop out at nearly twice 
the rate of students from an English language background 
(Steinberg, Blinde, & Chan, 1982). Part of the problem 
stems from the overwhelming pressure to make second lan- 
guage learners fluent in English at all costs. Learning Eng- 
lish, at the expense of not learning other content areas, be- 
comes the controlling goal of instruction for these students, 
even if it places them at risk academically. 

Too often, educators assume that a child's level of oral 
proficiency in English indicates a similar level of proficiency 
in reading and writing of English. As a result, there is a 
tendency to reduce the curriculum's level of complexity to 
match the student's level of oral proficiency. Thus, these 
children who are competent academically in their first 
language are relegated to very low-level English reading 
lessons. In short, Latino students are frequently locked into 
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lower levels of curriculum centered on drill and practice, 
rather than engaged in problem-based learning. 

Research has documented the importance of selecting 
a level of instruction that engages a child in learning ac- 
tivities that require that child to go beyond what she or he 
is already capable of doing (see, for example, Graves, 1982; 
Vygotsky, 1978). According to Vygotsky, for instruction to 
be effective it must be aimed at a child's proximal level, 
that is, at a point of future learning that is challenging with- 
out being overly frustrating. Further, social interactions or 
scaffolding within this zone need to be organized to sup- 
port the child's performance at the proximal level until he 
or she is able to perform independently. The intellectual 
skills acquired are directly related to how the child inter- 
acts with adults and peers in specific problem-solving en- 
vironments. 

Honoring Our Children's Cultural Capital 

Classroom ethnographies have been instructive in under- 
standing the successes and failures in the education of 
Latino children. These studies have shown that there is a 
significant relationship between cultural congruency in in- 
struction (in both approach and content) and children's 
cognitive development and academic achievement. In or- 
der to understand contextual clues and the nature of a cog- 
nitive task, children must be given the opportunity to cap- 
italize on what they know: that is, their cultural and 
linguistic backgrounds . 

Influenced by Vygotskian psychology and ethno- 
graphically based research, Luis C. Moll has developed a 
research program that integrates school, home, and com- 
munity social resources to provide Latino children with a 
learning context that supports and enhances performance 
(Moll & Greenberg, 1990). The basic premise underlying 
his work is that the necessary resources, or "funds of knowl- 
edge," are available within the children and the commu- 
nity; tapping them will produce significant change in the 
children's schooling. Within our community, knowledge 
of agriculture and skill in gardening, car maintenance, and 
storytelling are among the sources of cultural capital that 
can be related to learning in school. 



The purpose of our project on the history of the Aztecs 
in Mexico was to create a culturally appropriate learning 
environment in order to help our children achieve beyond 
their current levels of development. We also intended to 
help students acquire high levels of literacy so they could 
process information and develop their critical thinking 
skills. We believe that the ability to structure learning tasks 
and knowledge effectively can best be developed through 
the native language, and then easily transferred to a sec- 
ond language (Cummins, 1986). 

We also believe that students must play an active role 
in determining the "whats" and "hows" of the learning 
process. Not only does this enable students to practice de- 
cision-making skills, but it also builds on their prior knowl- 
edge and their personal resources. Further, we have en- 
couraged students to build on the human resources within 
their family and community by comparing their lives in 
contemporary Mexico with the lives of their ancestors, the 
Aztecs. 

The knowledge of students' culture can help teachers 
make lesson content more accessible and meaningful, pre- 
vent stereotypes, and increase teachers' awareness of stu- 
dents' learning potential. We believe that, in order to fa- 
cilitate the cultural adjustment of children, teachers and 
students need to learn a great deal more about each other, 
to understand each other's actual cultural background and 
previous experiences, and to engage in cooperative activi- 
ties that guarantee academic success. 

Examining Multiple Intelligences 

The development of our project was also influenced by 
Howard Gardner's (1993) concept of multiple intelligences. 
According to Gardner, there are many ways of looking at 
a child's intelligence. The emphasis on linguistic and log- 
ical-mathematical intelligences appears to be the major fo- 
cus in American education. Teachers spend the majority of 
their time assessing, grading, and teaching in those areas. 
Therefore, the English as a second language (esl) student 
who learns in his or her second language experiences nu- 
merous hurdles. Applying the concept of multiple intelli- 
gences allows children to construct knowledge through a 
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variety of ways (i.e., spatial, bodily-kinesthetic, musical, in- 
terpersonal, and mtrapersonal) rather than strictly through 
the means of linguistic and logical-mathematical intelli- 
gences. Therefore, two exploratory questions were a part 
of our unit planning: What if our children could express 
their knowledge of the Aztecs in any way they chose? What 
would happen and how would it look? 

Because we had a strong commitment to the theories 
outlined above, we thought this study should engage our 
children in constructing links between their education and 
their lives in the past, present, and future. The theme of 
Aztec history formed part of a larger goal in our year-long 
curriculum to develop our children's self-identity and cul- 
tural pride. Prior to investigating our history, we spent the 
first several months of the school year exploring ourselves, 
our families, and our community. We felt that if the chil- 
dren had a deeper understanding of where they come from 
and where they fit in their contemporary world, they would 
become motivated and more actively involved in their 
learning. Ultimately, we wanted to prepare them with the 
appropriate critical thinking tools to confront and succeed 
in their future. 



STUDENT CONCEPTS, SKILLS, AND OUTCOMES 



During The Aztec Study, students investigated the follow- 
ing big concepts: culture, race, ethnicity, civilization, his- 
tory, rituals, religion, discrimination, colonization, and in- 
terdependence between living things and the earth. 
Students developed skill in 

n reading and comprehension strategies through literature 
groups and research. 

P the writing process (draft, revise, edit, rewrite, and 
share). 

P listening and speaking skills through oral presentations 
and small group discussions. 
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□ social studies knowledge (geography; countries, states, 
and cities of the northern and southern hemispheres). 

□ collaborative skills based on helpfulness, listening, and 
participation. 

We targeted the following broad outcomes for our chil- 
dren: 

d Self-identity and self-esteem will improve by better un- 
derstanding their past and culture. 

□ Literacy skills in English and Spanish will improve 
through reading, researching, writing about and pre- 
senting on the topic of study. 

□ Bicultural (Mexican American) awareness will be 
strengthened. 

□ Problem-solving skill through collaborative learning and 
small inquiry groups will improve. 



BROAD TASK AND PROBLEMS, ASSESSMENT, AND FLOW OF 
THE PROJECT 



The First Phase 

We began the Aztec project by introducing our classes to 
the purpose and content of the unit. To introduce the no- 
tion of an authentic audience, we told the students that the 
artifacts they would create would be part of an exhibition 
that they would design in our school's museum. Through- 
out the development of this museum exhibit, the students 
were to learn through collaborative work groups as well as 
whole group lessons. Children already well-developed in 
English, children ready to shift into English, and children 
who needed the concepts to be taught in their first lan- 
guage, Spanish, were divided into different work groups 
on the basis of their language abilities. The work groups 
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explored information about the Aztecs through trade 
books, handouts, a social studies text, storytelling, and 
videos. Sometimes a work group read multiple copies of 
certain books, at other times they used a set of teacher-de- 
veloped research questions (see Sample Activities). 

We soon discovered there was a tremendous amount 
of information, activities, and art work constructed by the 
students. There was also a growing enthusiasm within our 
classrooms. Often students asked when the next work 
group would meet, or they would share how much they 
loved learning about the Aztecs. The trade books were ex- 
plored during other times within the day, such as dear 
(Drop Everything And Read, a free reading time), and stu- 
dents often chose to take the books home at night. Won- 
dering what concepts were important to each child, we 
asked ourselves how the children could demonstrate their 
own personal knowledge of the Aztecs through specific 
projects. 

The Second Phase 

When we did the original planning we did not have an end 
clearly in sight — we could envision only the early knowl- 
edge building phase. We began to realize that we needed 
general, open-ended questions to guide our project: "How 
have the contributions of the Aztec civilization affected our 
lives today? What would life be like in Mexico and in the 
world if the Spaniards had never conquered Mexico?" 

After a couple of weeks, we also began to realize that 
we could not evaluate this unit and the students' knowl- 
edge using a multiple choice test alone. We decided to de- 
velop a more comprehensive teacher-generated test to as- 
sess the children's knowledge of the material. It included 
four different parts: (a) multiple choice questions, (b) con- 
cept webbing or mapping, (c) an essay question, and (d) 
a "right angle" question that allows children to explain both 
their factual knowledge and personal opinion on a partic- 
ular topic. The test was in English and Spanish. 

Rethinking the nature of our paper and pencil test in 
relationship to what and how our students were learning 
also prompted us to think more about the culminating pro- 
ject, the museum exhibit. The exhibits would be visual and 



creative and involve oral sharing of information, so we de- 
cided to incorporate into our unit a formal performance- 
based assessment tool using rubrics. (We had never for- 
mally evaluated student projects using rubrics.) The criteria 
for our assessment included skills for student collabora- 
tion, presentation, the audience's role during presentations, 
as well as criteria for the content of the artifacts themselves. 
For example, the rubric for collaborative group skills iden- 
tified key criteria as "good listening skills, very helpful, par- 
ticipated fully." 

We envisioned the children continuing their work in 
collaborative groups creating artifacts and further focusing 
their study through project work; however, they would also 
follow criteria from the teacher-generated rubrics. During 
a class meeting, we explained that they would become 
teachers, sharing their knowledge as docents of the mu- 
seum. After brainstorming a list of ideas, the children chose 
to focus their accumulated knowledge on four projects: (a) 
aspects of Aztec life including marriage, marketing, and 
gardening, all depicted by murals; (b) a timeline high- 
lighting significant developments in Aztec civilization and 
its colonization by the Spaniards; (c) artifacts of cultural 
life; and (d) a reconstruction of the great city of Tenochti- 
tlan, capital of the Aztec empire. 

The first assignment for the collaborative work groups 
was to assign roles for each member and discuss ways for 
members to demonstrate their knowledge. After each group 
decided what they planned to make, they had to discuss 
how to create their project and what materials were needed. 
At the beginning of each work time, the students were in 
charge of setting goals and time limits. The goals were then 
prioritized and used as a daily work agenda that helped 
them to stay on task. Teachers emphasized social skills. A 
daily social skill focus might be "practice your best listen- 
ing skills, or help your members clean up within four min- 
utes." 

After collaborative group work time, we would all sit 
in a circle and listen to the reporters from each group in- 
form us of problems or progress. Circle time provided a 
forum for troubleshooting and group reflection. Many 
problems were project-related. One group that decided to 



Applying Pbl-Cd to Interdisciplinary Multicultural Studies I 151 



create a three dimensional version of Tenochtitlan out of 
paper had difficulty with the construction. Other students 
were able to recommend solutions that were successful. 
Some of the problems were behavior-related. The circle 
meetings became a time for our students to explore proac- 
tive ways of communicating. For the teachers, it was a time 
to touch base with each group in a focused manner. 

After a few circle meetings with the children, we dis- 
covered the rubrics were far too difficult. Our rubrics fo- 
cused on ideal behaviors and skills, having no room for 
growth. So we teachers debated about making a change in 
assessment midway through the unit and decided we 
needed to rewrite the rubrics. The second form of the col- 
laborative group skills rubric was changed to: Listening (1) 
Few to no listening skills (2) Some listening skills (3) Uses 
listening skills regularly; Cooperation (1) Does not cooper- 
ate (2) Cooperates somewhat (3) Cooperates regularly; 
Helpfulness (1) Is not helpful (2) Helps sometimes (3) Very 
helpful. Parts of the presentation and artifacts rubrics were 
refined with the children so that they would know about 
the assessment criteria. 

The students began using this language to assess them- 
selves. We would hear students make statements such as 
"you're not being very helpful" or "I liked how our group 
cooperated today." As the children began reflecting on the 
day's events, on their work, and on the work of others, we 
noticed various transformations in groups. Qur students 
were becoming metacognitive! We realized the importance 
of metacognition: According to educator Kay Burke, "stu- 
dents need to self-reflect regularly so that they can become 
adept at monitoring, assessing, and improving their own 
[work] and their own thinking," (Burke, 1994, p. 95). 

After the projects were completed, the students began 
to present their artifacts. They shared their knowledge with 
other small groups. They were prepared to answer ques- 
tions and to translate their research from both languages 
while providing some form of visual artifact. The audience 
had a set of behavior rubrics to follow: After the presenta- 
tion, the audience asked questions and offered construc- 
tive criticism, noting what was positive about the project, 
then offering suggestions for improvement. Because the 



children "taught" to each small group separately, allowing 
them a total of four times in front of small audiences to 
practice and refine their presentation, their communication 
skills improved. 



SAMPLE ACTIVITIES 



Knowledge Building 

One of the main project activities involved 20, teacher-gen- 
erated research questions used by the students to guide 
their investigation of the various cultural aspects of Aztec 
life. The questions lead them to information that related to 
broad topics, such as family, religion, education, and gov- 
ernment. In order to enhance social interaction and col- 
laboration between our Spanish- and English-dominant 
learners, the questions and literature were made available 
in both languages. In heterogeneous pairs and small 
groups, the children worked together to research the ques- 
tions, translate their responses, and share their results with 
each other. The information children derived from their in- 
vestigation provided the basis for further discussion of the 
major concepts and relevant vocabulary of the unit. These 
included culture, civilization, history, archeology, market, 
taxes, and pyramids. 

From the start, children were enthusiastic about the lit- 
erature and material resources. Many children had prior 
knowledge of the Aztec civilization from previous classes 
and from experiences living in Mexican cities where many 
of the Aztec ruins remain (particularly in the Distrito Fed- 
eral, the capital of Mexico). After discovering a large book 
on the Aztec pyramids and artifacts, one young boy stated, 
"I wish I could dive into this book and be an Aztec living 
in these pyramids." Responses such as these were a clear 
indication to us that by incorporating their cultural back- 
ground into the curriculum, children were becoming en- 
gaged in their learning. 

Through our observation of the children's work and 
class discussion, it became evident that they were gradu- 
ally acquiring a command of the concepts and vocabulary 
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in both languages. Depending on the language of instruc- 
tion of each lesson, children were transferring their knowl- 
edge of certain terms they had learned from Spanish to 
English and vice versa. 

Understanding and Using Codices 

We began our study of the codices by discussing how these 
hieroglyphics were used by the Aztecs to communicate 
ideas, concepts, and stories. Then, we compared the codice 
system with our alphabet by asking, "Why do we com- 
municate with letters and words, instead of pictures? 1 ' Af- 
ter examining the different codices and their meanings, 
children worked in small groups of 4 to 5 students to con- 
struct stories with the codices' graphic representations. Us- 
ing the knowledge gained from the research activity, they 
began writing a story related to Aztec history. They wrote 
the story on the bottom of a large sheet of chart paper and 
on the top of the sheet they drew their story using only 
the codices. For example, one codice used by the children 
depicted an eagle sitting on a rock with a serpent in its 
mouth. Aztec history tells us that this codice represents the 
story of the founding of Tenochtitlan. The Aztecs were told 
by their god that they must build their city where they find 
an eagle on a rock eating a serpent. 

After the children finished their work, each group had 
to interpret in writing each others stories, using only the 
codices. Then, each group read their story aloud to dis- 
cover which group was able to interpret their stories cor- 
rectly. This was a wonderful opportunity to assess the chil- 
dren's knowledge of the material covered so far in the unit. 
Working in collaborative, heterogeneous groups, most of 
the children experienced a sense of success in completing 
the learning tasks. We believe this can be attributed to al- 
lowing the children to construct the meaning of the infor- 
mation through their visual, interpersonal, and artistic 
skills. Other project activities that required children to ap- 
ply various intelligences for learning included the recon- 
struction of an Aztec pueblo, scaling Tenochtitlan to size, 
gardening Aztec style, creating Aztec artifacts, and creating 
murals and timelines of Aztec life. 



Making Connections: Past and Present 

Throughout the project we worked to guide the children 
in making connections between past and present. The ob- 
jective was to help build their knowledge of their history 
or where they come from in order to better understand 
themselves. One activity that built upon the fund of 
storytelling was the reading of the Aztec legend of Food 
Mountain. This legend depicts how the natural elements — 
wind, rain, sun, and water — affect living things. It teaches 
the importance of taking care of the earth, which provides 
human sustenance. This legend embodies many of the spir- 
itual and world views of the Aztecs. Most of our children 
are from rural and agricultural backgrounds and have a lot 
of prior or cultural knowledge of weather, plants, animals, 
and raising crops. During discussion of the legend, chil- 
dren were guided to make connections to their lives in 
Mexico. Questions such as the following helped to guide 
discussion: What do we know about the earth? Why is it 
important to take care of the earth? What do we know 
about farming? What do plants and crops need to grow? 
What do we eat today that is made out of corn? Then the 
children wrote stories on their "histories" in the campo or 
countryside in Mexico. They wrote about farming with 
plants, flowers, or animals, as well as pictorial stories based 
on the legend using the symbols of the Aztec language. 

This reading of the legend was reinforced by nonfic- 
tional readings of how the Aztecs farmed, what food they 
grew, and how their cities gardens, city markets, and eco- 
nomic system operated. The barter system used by the 
Aztecs — trading furs for food or clay pots for clothes — was 
a major emphasis in this aspect of our studies because mar- 
kets are still very prevalent in Mexico. Children shared sto- 
ries of the markets in Mexico from their own point of view. 

The students then researched the colonization of the 
Aztecs by the Spaniards. Students read nonfictional ac- 
counts of the colonization and the consequences of the 
event were analyzed. Questions such as the following were 
discussed: How do people treat the Indians differently? 
Why are they treated differently? How does the color of 
your skin or the shade of darkness affect the way people 
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treat you? Storytelling by one of our Mexican student teach- 
ers about Indian children in Mexico helped the children to 
understand and articulate this discrimination. Then we 
talked about race and ethnicity living as Mexicans in 
Chicago. 



REFLECTIONS 



Making Assessment More Seamless 

Upon reflection on the project's development, we found 
the assessment component to be very instructive. As men- 
tioned earlier, during the first stage of our unit we realized 
the need to develop a set of criteria to evaluate the chil- 
dren's knowledge through performance-based assessment. 
We refined those criteria during the course of the unit on 
the basis of discussions with our students, making them 
more developmentally appropriate. The assessment also in- 
volved further development of our unit of study in rela- 
tionship to the culminating project of the museum exhibit. 
So although we did not initially plan on incorporating this 
assessment component, the decision resulted in making our 
instruction more seamless in the second stage of the unit. 

A weakness in this area was that nearly all of our cri- 
teria were teacher-generated. When approaching this pro- 
ject again, we plan to create the rubrics with the students. 

Making the Learning Context More Authentic 

A major limitation in our learning context was lack of dual- 
language materials and resources. Consistent with our 
school's vision of problem-based learning and commitment 
to technology as a tool for this learning, we plan to en- 
hance our access to bilingual and bicultural resources 
through the use of telecommunications. We will seek op- 
portunities to work and learn with and about people in 
other Spanish-speaking countries, cultures, and classrooms 
via the Internet. 

A central value of working with the Internet is that it 
can support the authentic learning experiences currently 
being developed in our classrooms. When teachers and stu- 
dents contribute to the information infrastructure by par- 
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ticipating in virtual communities and by setting up infor- 
mation services on the networks, the students' learning ex- 
periences naturally become more authentic. The learner has 
a real and responsive audience, and this can be highly mo- 
tivating. Children who use the Internet in this way are cre- 
ating and exchanging knowledge, rather than passively re- 
ceiving someone else's information. This is consistent with 
our understanding of how children learn — actively, con- 
structively, collaboratively, multisensorially, within a cul- 
tural and linguistic context. 

Working with the Internet also provides opportunities 
to establish cross-institutional and cross-cultural partner- 
ships among administrators, university faculty, commu- 
nity, business, labor and political leaders, as well as par- 
ents, teachers, and students. When we reteach this unit, 
we would like to make better use of our community re- 
sources by bringing in representatives of the culture, in- 
cluding family members, historians, and museum staff. On- 
line and local partnerships will bring additional resources 
to our desktops, requiring us to develop a closer relation- 
ship between learning and the real-world context of peo- 
ple, problems, and projects, thus creating further contexts 
for authentic learning. 

Realizing Our Purpose 

We believe that our vision of learning was very coherent 
and strong from the beginning of the unit. We wanted our 
children to be enthused and energized by the content of 
this unit, and therefore, responsible for their learning. The 
tasks were very integrative, including many different con- 
tent areas simultaneously: history, language arts, science, 
and fine arts. Children worked in small collaborative 
groups for the majority of their tasks and activities. The 
rubrics for collaboration and for the creation and presen- 
tation of their artifacts helped the children to develop learn- 
ing strategies such as goal setting, setting agendas, keeping 
time, and problem-solving. 

What really worked was our grouping. Spanish dom- 
inant and English dominant children worked side by side. 
Children were moving from Spanish to English in their 
knowledge and terminology. We made every attempt pos- 
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sible to keep groups equitable and flexible by never segre- 
gating kids according to language or ability. 

The teachers could have acted more as a colearners or 
coinvestigators than as instructors. Again, because we were 
new at problem-based learning and we did not have ade- 
quate bilingual resources, the activities were guided more 
by the teachers than we would have preferred. We now un- 
derstand the significance of codevelopment with students. 

Judging by the written and oral presentations, we be- 
lieve that the children gained a lot of content and concep- 
tual knowledge of their history, as well as improved liter- 
acy skills. According to our standards, many of them were 
very excited, curious, and motivated about their learning. 
A year later, they are still talking about the Aztecs and what 
they learned! 



REFLECTING THE WORLD AROUND US: BUILDING MULTICULTURAL 
UNDERSTANDING 



Claudette Rasmussen, Mary Brady, and William Munroe, 
Marie Murphy School 

Overview of the Project 

The overall goal of this seventh grade humanities unit was 
to investigate and build multicultural understanding. The 
unit was designed to use content from language arts skills 
and the social sciences and to strengthen problem solving 
skills by asking students to conduct research and engage 
in role-playing from the perspective of an ethnic group 
other than their own. The primary activity was that of a 
simulation of a newly configured high school where cul- 
turally diverse groups of students were electing their stu- 
dent government leaders. In the course of the simulation, 
students had to explore the opportunities and issues in- 
herent in the problematic situation. These experiences 
caused them to consider the ways in which the simulated 
situation reflected real world problems and the ways in 
which they could build multicultural understanding in our 
diverse world. 
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This 12-week unit was codeveloped by social studies 
teacher, Mary Brady, language arts teacher, William 
Munroe, and me (one of the coauthors of the book). It was 
originally designed as an enrichment unit for a class of 
high-ability students. It was used in Marie Murphy's en- 
richment program for approximately 5 years before being 
integrated into Mary Brady's regular social studies classes. 
This unit serves as an example of how a challenging prob- 
lem-oriented, student-centered curriculum — characteris- 
tics of many gifted programs — can meet the needs of a wide 
range of students within a heterogeneous classroom. Al- 
though this unit was designed and taught some years ago, 
its interdisciplinary, problem-based practices and its con- 
tent are more timely than ever. 



DESCRIPTION OF THE SCHOOL 



Marie Murphy School is a junior high school in a school 
district of approximately 600 students, K-8, in an affluent 
suburb north of the city of Chicago. During the time that 
this unit was taught, it's student population was approxi- 
mately 25% Asian and 75% Caucasian, including immi- 
grants from Japan, Korea, eastern Europe, and Mediter- 
ranean countries. At the time that this unit was designed 
and taught, 1 was the coordinator of and a teacher in the 
Pupil Enrichment Program. My colleagues, Mary Brady and 
Bill Munroe, were long term teacher-leaders in the district. 
Mary had long-used simulation and role-playing in her so- 
cial studies classrooms, Bill had always taught the full range 
of writing and speaking skills, and I had used numerous 
independent study projects with individuals and small 
groups of students over the years. However, this was the 
first time within our school that a team of teachers had col- 
laborated on a problem-oriented interdisciplinary unit that 
incorporated all of these instructional strategies. We wrote 
the unit in about seven days one summer, team-taught it 
the following year, and then made refinements based on 
our instructional experiences. In the years that followed, it 
was taught by a single teacher, usually Mary or myself, 
within the enrichment program. Mary then incorporated it 
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into her three regular social studies classes. She found that 
the open-ended nature of the task, together with well-struc- 
tured student experiences, were highly succcessful with the 
full range of students within her classrooms. Of course, the 
need and desire for greater multicultural understanding ap- 
plied to all. 



RATIONALE FOR THE PROJECT 



Purpose 

This unit was intended to use language arts and social stud- 
ies content to engage students in a long term, problem- 
based investigation of aspects of our multicultural society. 
The overall goal of the humanities unit was to develop mul- 
ticultural literacy and a greater understanding of the com- 
plexities of the diverse society in which we live. Simula- 
tion, role-playing, and other instructional strategies used 
were designed to integrate multiple perspectives into a rel- 
atively homogeneous setting and to develop empathy for 
what it means to belong to various ethnic groups. It was 
hoped that this would be an effective means of building 
understanding of both self and others. 

Research 

"Reflecting the World Around Us: Building Multicultural 
Understanding" is an example of an integrative curriculum 
that incorporates aspects of both project-based and prob- 
lem-based learning. Project-based learning, as described by 
Blumenfeld (1991), is characterized by projects that are rel- 
atively long-term, problem- focused, and a meaningful in- 
tegration of concepts from a number of disciplines. This 
humanities unit incorporated the two essential components 
of projects: 

□ a problem that serves to structure and drive activities; 

□ activities that result in a series of artifacts or products 
that culminate in a final product that "answers" the dri- 
ving question. 
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During the 10 to 12 week unit, students used research and 
role-playing to address the real-world problem of recog- 
nizing and appreciating cultural diversity. Each student 
kept a journal, often written from the perspective of an- 
other ethnic group, during a lengthy simulation of ethnic 
group interaction during a problematic situation. At the 
end of the simulation the journal mirrored each student's 
"identity's" actions and thoughts. 

This real-life problem of building multicultural' under- 
standing had all the characteristics of the ill-structured 
problems described by Barrows (1988). 

n The initial problem statement and problematic situation 
lacked all the essential information needed to understand 
the exact nature of the situation or problem and to de- 
cide what actions are required for resolution, if any. 

□ There was no absolutely right way to approach finding 
a resolution. 

□ As students gathered and shared information, the defin- 
ition of the problem changed. 

□ Students could never be 100% sure they had made the 
"right" decisions because important information may 
have been lacking, and data or values may have been in 
conflict; still, decisions had to be made. 

Although this humanities unit had many of the qualities of 
both problem-based and project-based learning, its de- 
signers were unaware of this theoretical base when they 
first developed, taught, and fine-tuned the curriculum. In- 
stead they approached interdisciplinary curriculum design 
by: first identifying the characteristics and needs of their 
students; then by brainstorming possible attributes of con- 
ducive classroom climate, enriched content, enhanced 
thinking process, and challenging products; and finally by 
examining the most appropriate match of content and ped- 
agogy to the developmental needs of the students. This in- 
tegrative framework for curricular design (identified by the 
broad categories in view A) as well as some of the team's 
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responses to those broad categories (listed in view B) are 
illustrated in Figure 9. 

Our teacher team was certainly committed to the be- 
lief that schools have a responsibility to contribute to the 
development of multicultural literacy and understanding. 
The Curriculum Guidelines for Multicultural Education, 
adopted by the National Council for the Social Studies in 
1976 and revised in 1991, provide a valuable research base 
for translating that belief into practice. Several of the 23 
Guidelines have specific applications to this unit, namely 
that a multicultural curriculum should help students 

D develop greater self-understanding. 

n understand the many dimensions of ethnic experiences 
and cultures. 

□ understand that there will always be conflict between 
ideals and realities in human societies. 

□ develop values, attitudes, and behaviors that support cul- 
tural diversity while building a shared national culture. 

n develop their decision-making and social participation 
skills and their sense of political efficacy. 

n develop effective interpersonal, interethnic, and inter- 
cultural communications skills. 

o interpret situations from diverse ethnic and cultural per- 
spectives. 

□ make optimal use of experiential learning, particularly 
local community resources. 

In fact, these guidelines recommended the role-playing of 
various ethnic and cultural experiences as one means of 
building greater understanding of what it means to belong 
to various ethnic groups. 




Categories for Curricular Design 




Attributes/Elements of Curriculum 



Figure 9 Integrative framework for curricular design. Copyright 1988, Avoca School District #3/. 

Used by permission. 
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Broad Student Outcomes 



When planning our multicultural unit, we identified the 
enrichment objectives for all interdisciplinary activities and 
the ways in which these objectives would replace and ex- 
tend learning of the core objectives of the regular Language 
Arts Skills class during which this course was taught. These 
local student outcomes were described in an excerpt from 
our own curriculum guide. 

CORE OBJECTIVES: Using oral language 
to persuade; developing ideas with appro- 
priate support; presenting ideas with ap- 
propriate introduction, elaboration and 
conclusion; and using appropriate and var- 
ied reference materials to research a topic 
using the library, the mass media, people, 
and personal observation. 

ENRICHMENT OBJECTIVES: Role playing 
using intellectual empathy, fair-mindedness, 
integrity, and perseverance; understanding 
the need for compromise; speaking extem- 
poraneously; using higher levels of persua- 
sion; incorporating and creating projects to 
enhance presentations; understanding the 
political process by participating in a simu- 
lated campaign; recognizing a wide range of 
political beliefs and how they are integrated 
into a party platform; understanding simi- 
larities and differences within and among six 
ethnic groups; appreciating the opportuni- 
ties and challenges of a multicultural soci- 
ety; using questions that probe reasons and 
evidence, differing viewpoints, implications 
and consequences. (Pupil Enrichment Pro- 
gram Curriculum Guide, Brady, Munroe, & 
Rasmussen, 1987, p. 1) 

Broad Task and Ill-Structured Problem or Questions 

The broad task was to engage students in research and role- 
playing in order to build multicultural understanding. By 



taking on an ethnic identity other than their own and par- 
ticipating in the simulation of a problematic situation, stu- 
dents encountered numerous subproblems and issues and 
had to find ways to respond to them. 



FLOW OF THE PROJECT AND SAMPLE ACTIVITIES AND 
ASSESSMENTS 



The introduction to this course began with a discussion of 
the unit title, "Reflecting the World Around Us: Building 
Multicultural Understanding." Students shared their inter- 
pretations of its meaning, particularly in relationship to the 
multicultural society we live in, and we described possible 
problems, issues, and opportunities that it might raise. 

Students were then involved in a brief introductory 
commercial simulation, "Rafa Rafa," so that they might dis- 
cover some of the differences in beliefs and behaviors of 
Alphans and Betans, members of two different "societies." 
Following a debriefing of learnings from the experience, 
we codeveloped behavioral guidelines for role-playing to 
support multicultural understanding. Guidelines incorpo- 
rated those behaviors specific to multicultural simulations 
(e.g., "keeping in character," "taking seriously the beliefs 
and behaviors of another culture even when they re differ- 
ent," "showing respect for other cultures' beliefs by being 
ready to learn why they believe what they believe"). Guide- 
lines also addressed behaviors important for any coopera- 
tive learning experience, including "accepting other's ideas 
and showing openmindedness," "trying to understand 
other people's ways and showing empathy," and "looking 
at all points of view before making a judgment, and show- 
ing fair-mindedness." 

We then began the lengthy spectrum 11 simulation, a 
greatly expanded and revised version of a simulation orig- 
inally written by Andrea Taylor in 1975. As a design team 
of teachers, we had: added many activities to structure this 
high school simulation for our 7th grade students; revised 
it to reflect the current demographics of the city of Chicago 
and our suburb; embedded historical and current research 
activities in it; and placed it in the context of a larger hu- 
manities unit with a guiding problem-based theme. 
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Phase I of the Spectrum II simulation provided an in- 
troduction to the problem situation and facilitated students' 
role identification. Students and teachers discussed the sit- 
uation described below. 



Spectrum ii: A Simulation 

PURPOSE: Shifting ethnic populations are 
having significant impact across the United 
States as students of different ethnic back- 
grounds are coming together in various 
schools and neighborhoods. Formerly pre- 
dominantly White schools have become a 
"spectrum' 1 of assorted cultural groups. 
The purpose of this simulation is to give 
you a chance to assume roles involving 
many of the different ethnic groups pre- 
sent in society today. While assuming 
these roles, you can gain new insights into 
situations involving conflict, consensus, 
and interpersonal relationships. A second 
function of the simulation is to provide you 
with a setting where you can discover the 
wide variety of factors that can affect the 
outcome of an election, factors such as per- 
sonalities, prejudices, special interests, 
quest for personal gain, and current issues 
and problems. 



BACKGROUND 



CITY: Stoney Point is a suburb of a large 
metropolitan area. Living in homes whose 
prices are all over $150,000, its residents 
are primarily well-to-do business persons 
and professionals with family incomes over 
$70,000 per year. Most residents are 
White, although an increasing number of 
Asians also live in the suburb. The neigh- 
boring metropolitan area has a diverse 
population made up of several ethnic 



groups who live in largely separate neigh- 
borhoods. 

ATTENDANCE BOUNDARIES: Recently, 
the lines of Stoney Point High's school dis- 
trict were redrawn. Several neighborhoods 
within the fringe of the nearby city limits 
were given the opportunity to send their 
youth to Stoney Point High School. Sons 
and daughters of White, Black, Hispanic, 
and Native American blue collar workers 
suddenly found themselves mingling with 
upper middle-class and upper class Stoney 
Point youth. 

SITUATION: The ethnic groups living in 
the fringe of the city have always remained 
relatively isolated from each other. In the 
past minor incidents have resulted from 
occasional friction among groups. Now, af- 
ter a summer of redistricting, all six groups 
have been thrown together at Stoney Point 
High School. 

ELECTION COMING: School has been 
open for several weeks. It is now time for 
the election of this year's student govern- 
ment leaders. Two political parties have 
emerged, the Moderates and the Radicals. 
Each party is developing a platform to ex- 
plain its candidates' views on the major is- 
sues and problems affecting Stoney Point 
High School students. (Pupil Enrichment 
Program Curriculum Guide, Brady et al., 
1987, p.ll) 

Following a discussion for understanding, students 
drew for roles of an ethnic group other than their own. 
Then each student began a journal with the first entry fo- 
cusing on answers to questions that they asked of them- 
selves in their new roles (i.e., "Why do you think that your 
parent(s) decided to send you or continue to send you to 
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Stoney Point High?" "How do you feel about that?" "Con- 
sider what it's been like for you to be at Stoney Point for 
a few weeks now. Describe some of your experi- 
ences. . . "What do you think might happen during 
the upcoming student elections?") 

Following this opportunity to react and predict, stu- 
dents stepped out-of-role to work in small ethnic-alike 
groups to conduct research on their new-found ethnic iden- 
tities. Using "The American Story" tape series from B'nai 
B'rith, they explored three generations of an American fam- 
ily, i.e., the Hernandez family or the Fukiyama family, and 
read and discussed accompanying historical writings. They 
conducted research on current events and issues and in- 
terviewed representatives from the Chicago-based Midwest 
Bilingual Education Multifunctional Resource Center. Af- 
ter each type of research, students considered the implica- 
tions for their roles. 

In a "Create-a-Character" activity, students used the re- 
search and their imaginations to develop characterization 
by responding to questions about their characters' physi- 
cal description, interests, personality, habits, fears, values, 
strengths, weaknesses, family, friends, and motivation. 

Students then worked individually and with group 
members to complete the "Putting Yourself in the Other 
Persons Place" activity that follows. 

Putting Yourself in the Other Person's Place 

Soon you will be climbing the stairs of 
Stoney Point High. In order to help you 
step into your role, it will be important for 
you to empathize with your character by 
"putting yourself in the other persons 
place." 

The following questions will help you 
to take what you've learned about the past 
and present and further apply that to your 
character's daily behavior — his or her val- 
ues, beliefs, attitudes, feelings, thoughts, 
actions. 



Take 15-20 minutes to answer the fol- 
lowing questions individually. Then dis- 
cuss them with other members of your eth- 
nic group. Add any ideas from the group 
to your individual descriptors. 

In what ways would the experience of 
entering Stoney Point be similar or differ- 
ent from desegregation experiences of 1 5- 
20 years ago? 

How is your ethnic group typically 
portrayed in the media? How would your 
portrayal be different than the stereotypes 
of your ethnic group on television or in 
other media? 

Who will be your character's "role 
models'? 

How strongly will your ethnic group, 
in general, and your character, in particu- 
lar, feel about maintaining ethnic identity? 
How will your character demonstrate eth- 
nic ties on a day-to-day basis (music, 
clothes, food, religion, etc.)? 



Activities in Phase I of spectrum ii demonstrate how 
teachers can carefully structure activities around a non- 
trivial problem, yet facilitate the students' own develop- 
ment of increasingly refined responses to aspects of the 
problem. The journal introduced in Phase 1 was kept 
throughout the simulation and evaluated periodically by 
the teachers. 

The ethnic identity journal as well as other products 
developed during "the political process" of Phases II— IV be- 
came the artifacts of students' increasing multicultural un- 
derstanding and frequent applications of specific language 
arts and social studies skills. The following excerpt (in- 
tended for students) from the curriculum guide illustrates, 
once again, how such discovery activities can be carefully 
structured around an otherwise ill-structured problem. 
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The Political Process 

CAMPAIGNING: Campaigning will take 
place throughout three events — a Party 
Forum, a Press Conference, and a Political 
Rally. These events will give members of 
both the Moderate and Radical tickets op- 
portunities to use persuasive tactics to 
swing the Independent votes to their party. 
Since Independent voters are the key to the 
election, students who are Independent 
can exert considerable influence on candi- 
dates through questioning and other 'lob- 
bying" efforts. 

Placards on behalf of individual can- 
didates or political parties can be displayed 
in the classroom by that candidate or party 
at any time during the campaign. 

PARTY FORUM: 

□ Independents identify 5 issues from the "Student Prob- 
lems and Issues" sheet. Issues are put on board for use 
by candidates. 

□ Independents prepare questions about the issues they 
identified as most important. The same questions will be 
asked of candidates from both parties. 

□ Each candidate makes a brief opening statement about 
their stand on the identified issues. 



□ The teacher, acting as Moderator, asks the designated 
candidate from each party to respond to a specific ques- 
tion on the identified issue, continuing until all ques- 
tions have been asked. 

□ Each candidate makes a brief closing statement that in- 
cludes his or her reactions to other candidates' responses 
to questions and a restatement of his or her own stand 
on the issues. 
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PRESS CONFERENCE: 



□ Independents can ask any question of any candidate on 
any issue, campaign statement, or event. 

□ Each candidate should be prepared to answer any ques- 
tion. 

□ The teacher, acting as "press secretary," will moderate the 
conference. 

POLITICAL RALLY: 

□ Each candidate will give a job-specific and platform-ori- 
ented persuasive speech during this final campaign event. 

□ Each Independent will give a speech on behalf of a party, 
individual candidate, or on behalf of an Independent 
stand (if no candidate or party has, as yet, satisfied him 
or her on the issues). 

□ Party members may bring leaflets, posters, buttons, ban- 
ners, etc., and sign any songs or jingles they have writ- 
ten. 

□ Following the Rally, "lobbying" can continue up until the 
time of the election. 

ELECTION: You will be asked to vote 
twice — once as you think your character 
would vote and once as you, your real self, 
would vote. (Pupil Enrichment Program 
Curriculum Guide, Brady et al., 1987, pp. 
26-27) 

As you can imagine, varied and alternative forms of as- 
sessment had to be used throughout the simulation. The 
journal was evaluated periodically on the basis of the 
thoughtfulness, thoroughness, and role-appropriateness of 
the entries. The persuasive speeches, given during the Po- 
litical Rally, were evaluated on the basis of presentation 
skills, persuasiveness, use of campaign materials and the 
party platform, presentation of issues and proposals, and 
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support of proposals. Significant student and teacher eval- 
uation took place in the final debriefing phase of the sim- 
ulation. Students reflected on the various factors that in- 
fluenced their voting decisions and role -playing by using 
a questionnaire (excerpts follow). 

Debriefing Questions 

Our simulation of ethnic group interaction 
during a student government election is 
over. We ask you to take your last step out 
of the door of Stoney Point High and to 
reenter the familiar surroundings of Marie 
Murphy Junior High. However, before "life 
returns to normal" in the halls and class- 
rooms, we ask you to think carefully about 
the following questions. 

First answer these questions by your- 
self, after reviewing your journal. Tomor- 
row you will have the opportunity to dis- 
cuss your answers within a small 
"cross-cultural" group. Following that dis- 
cussion, you will be able to add to or 
change your opinions and ideas and write 
your responses below. 

1 . Did you feel the roles were realistic? Why or why not? 

2. Did your feelings towards your role I.D. change as the 
simulation progressed? If so, how and why? If not, why 
not? 

4. How did different campaign tactics affect you? 

6. Compare the way you voted in your role with the way 
you voted as yourself. What do you conclude? 

10. What insights into some problems caused by tensions 
among students and ethnic groups did the simulation give 
you? 



1 1 . How would you change the simulation to improve it 
or make it more realistic? 

12. What did you like about the simulation? 

Teachers assessed these responses using the same criteria 
as they did for the journal entries. Finally, students re- 
sponded to the essay questions below intended to measure 
growth in multicultural understanding during the semes- 
ter-long class. Students and teachers evaluated answers to 
these questions. Following that, the questions were used 
in whole group debriefing. 

Essay Questions 

Give careful thought to these questions be- 
fore writing your answers in informal es- 
say form. Your answers will be graded on 
the basis of your thoroughness and 
thoughtfulness as you reflect on the se- 
mester's experiences — the "Rafa Rafa," 
simulation, historical study of an ethnic 
group, the spectrum ii simulation, and 
study of current information and issues 
about race relations in Chicago and the 
United States. 

1 . List some of the similarities between the "Rafa Rafa" and 
spectrum ii simulations and real life. (Consider actions, be- 
liefs, issues, feelings, etc.) 

3. What thoughts, feelings, problems, and insights would 
you experience if your family were to move to another part 
of the Chicago metropolitan area or the United States where 
the ethnic groups were different from your previous neigh- 
borhood? 

4. What qualities, attitudes and/or skills are important for 
a person who is "role-playing" cross-cultural situations and 
who is actually living, working or playing in a community 
that is economically and ethnically mixed? 
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5. In what ways do you feel you have accomplished the 
purposes of our class? 



REFLECTION AND SELF-ASSESSMENT 



I hope that the examples from this humanities unit illus- 
trate not only the complexity of integrative instruction but 
also the richness and power of such interdisciplinary, prob- 
lem-based instruction. 

Throughout the unit nearly all of the indicators of en- 
gaged learning were applied to some extent. Clearly, stu- 
dents had a high degree of responsibility for their own 
learning in individual role-playing and journaling, small 
group research and campaign preparation, and whole 
group discussion. In fact, students were almost always in 
the roles of explorer and producer. Teachers most often 
stepped back, acting as facilitators and guides primarily 
through the careful design of instructional activities and 
materials, monitoring and questioning during actual in- 
struction only when needed. Grouping was flexible. Some- 
times students were placed in cross-cultural groups to en- 
courage multiple perspectives. Sometimes they were placed 
in ethnic-alike groups for common knowledge building. 
Students were also highly collaborative, developing many 
new understandings through their role-playing, research, 
and debriefing with each other. 

This unit with its long-term rather intense approach to 
the complex task of building multicultural understanding 
was a very challenging one for the students. At times it was 
difficult for them to stay in role, to be true to their char- 
acter. At times they were frustrated by the lack of any clear- 
cut resolution to the very human problems and issues they 
were encountering. It became increasingly important to 
provide opportunities for them to step out of role so that 
they could reflect, debrief their learnings along the way, 
and lend support to one another. Stepping in and out of 
role, journaling, and debriefing engaged students in a pro- 
gressive problem-solving process. 

Students certainly did feel as if they were all in this to- 
gether! The requirement of taking on an ethnic identity 
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other than one's own was a great leveler — everyone was 
equal in that sense. The role -playing, together with the re- 
search, also created a great deal of empathy for the expe- 
riences of other cultural groups. 

Although we relied heavily on simulation, in many 
ways the tasks were authentic. The conditions of the sim- 
ulation reflected the demographics of the greater metro- 
politan area in which students lived. Care was taken to in- 
clude quality historical and contemporary research, and 
there was an opportunity to interview representatives of 
cultural groups in the area. Still, I think that there would 
be greater authenticity with less simulation and more con- 
tact with the diverse real world around us. A field trip to 
ethnic neighborhoods in Chicago and on-line communi- 
cations with members of other cultural groups or other stu- 
dents and adults with a similar purpose would add a great 
deal to this unit. It would also temper some of the frus- 
trations students felt, and help them to sustain a high de- 
gree of interest throughout this long unit. 

Another way in which 1 would modify the planning for 
this unit would be to incorporate more aspects of code- 
velopment with students. The design approach that our 
teacher team used was a parallel one to early steps in the 
preliminary planning process of the pbl-cd model presented 
in Goal 3 of this book. We did an effective job of consid- 
ering and integrating the needs of students with our cur- 
ricular content, thinking process, and assessment needs. 
We could have shifted more from a thematic, project-based 
study to the problem-based study represented in the pbl- 
cd model by making the broad problem more explicit in 
question form and by involving students in identifying sub- 
problems and subquestions and structuring their investi- 
gations around them. Their investigations would be espe- 
cially strong if they resulted in recommendations for ways 
in which to strengthen multicultural understanding in our 
school community. 

Finally, 1 would enhance this unit by further integrat- 
ing some of the guidelines for multicultural education from 
the National Council for the Social Studies (1991; de- 
scribed in the Research section) into the instructional ac- 
tivities. 
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Still, this humanities unit as taught was a powerful one 
for a wide range of students over several years. With each 
class, it definitely accomplished its goal of building multi- 
cultural understanding as well as a greater understanding 
of self, others, and the world around us. 



SELF-DIRECTED ACTIVITIES 



In this activity, we will focus on Phase 3: Conducting Inquiry & Analysis. 



Understanding the Teacher-Authors' pbl-cd Units: Compare and contrast ideas 
from the two pbl-cd units. What useful ideas have these teacher authors incorporated into 
their pbl-cd units? Which ideas are unique to each unit and which are common to both 
units? Record them in the appropriate areas of this Venn diagram: 



Building on Children's Capital Reflecting the World Around Us: 

by Exploring Our Aztec Past Building Multicultural Understanding 




Real-Life Problem Solving 




Understanding and Planning for Your pbl-cd Units: Phase 3 — Conducting Inquiry 
and Analysis. Using Goal 3 and Appendix C as references, what ideas from the Venn would 
be most useful to you as you build upon plans in preparation for Phase 3? 




Think about how these ideas and ideas from earlier units will help you to prepare for 
Phase 3 of progressive problem solving in the classroom: What teaching and learning 
strategies will help you and your students identify specific problems? What teacher roles 
and student roles will be most appropriate throughout this phase? 



Teacher 
Roles 


Teaching Goals and 
Strategies 


Student Roles 


Learning Strategies and 
Responsibilities 
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1 2 I Acting and Sharing: When you have completed a draft of possible instructional ac- 
tivities for Phase 3, share your ideas with a critical friend team. Describe your plans for 
your informal conference below. 
Process for a critical friend dialogue: 

n share your desired outcome for the conversation 

□ ask your critical friend to practice active listening and ask clarifying questions 

□ offer constructive, nonjudgmental feedback 



Reflecting: Reflect upon the outcomes of your critical friend conference. List or in 
some way represent them (metaphor, graphic organizer, icon). 



Rethinking and Refining: What are the implications for you/your team's unit plan? 



178 I Real-Life Problem Solving 




The two Profiles in this Goal are parallel to the plb-cd model 
in two ways. First, both projects provide problem-based 
learning opportunities to multiple schools, though the mod- 
els are quite different from each other and from the pbl-cd 
model used in previous Goals. Second, both projects involve 
some level of codevelopment with teachers. 
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"Discovery Channel Learning Community: The 
Promised Land Project, 11 developed by Duggan and Duggan, 
is about how to create a telecommunity on the Internet as 
a model for involving teachers in problem- and project- 
based learning. Their Profile focuses broadly on problems 
and issues related to the migration of African Americans 
from Mississippi to Chicago in the 1930s, as portrayed in 
the Discovery Channel's documentaiy, The Promised Land. 

The Promised Land Project is presented on the World 
Wide Web (www) and so is open for anyone to participate 
in. The teaching units that result from use of this Web site 
are an interaction of the goals and characteristics of those 
who come to the site and of those who manage the site. 
This means that in many regards what a student or school 
gets out of the site depends heavily on what is put into it. 
Most www sites feature only descriptive text or interactive 
information resources. The Duggans have created a www 
site that provides rich information and human resources to 
schools, forming the basis for a community in which all 
users may interact and contribute. In essence, this project 
and a few others like it are redefining learning at a distance 
by moving the focus from transmitting information toward 
more interactive, project-based, and problem-based learn- 
ing. 

In "Problems as Possibilities: Transforming Garbage 
into Gold," Finkle and Torp from the Illinois Mathematics 
and Science Academy (imsa), codeveloped problem-based 
learning units with teacher teams from nine schools. The 
schools were all quite different from, each other, some be- 
ing urban, some suburban, some high school, and some 
elementary. In this project, the authors developed a model 
curriculum unit on issues related to dealing with garbage 
that teachers could use, as is, as a simulation; or use as the 
basis for a variation using local issues and resources. In ei- 
ther case, the author team and their colleagues structure 
and closely monitor the process for pbl. They draw upon 
a research base that combines the medical model of pbl 
promoted by imsa for schools, but also add a strong ele- 
ment of pbl as service learning. That is, the problem to be 
solved is a community problem. Additionally, this Profile 
illustrates the increasingly important role that schools are 
playing as leaders in curricular reform. 



DISCOVERY CHANNEL LEARNING COMMUNITY: THE PROMISED 
LAND PROJECT 



Wilt Duggan and Andree Duggan, Discovery Educational 
Relations, Interactive Frame Works, Inc. 

Overview of the Project 

During 1995, the Discovery Channel had its premier show- 
ing of a series called The Promised Land, which was based 
on the novel by Nicholas Lemann. This series documented 
the migration of African Americans from Mississippi to 
Chicago in the 1930s and 1940s. Educators could tape the 
commercial-free version for use in schools. Discovery Com- 
munications, Inc., convened a design team to develop a 
virtual learning environment to sustain interest and inquiry 
about this historical event; this virtual learning environ- 
ment became known as The Promised Land Learning Com- 
munity. The design team identified resources, relation- 
ships, and collaborative activities that were easily accessed 
by World Wide Web (www), Gopher, file transfer proto- 
col (ftp), and e-mail. What we report here is the pilot pro- 
ject that ran from Fall of 1994 to Fall of 1995. 1 

The overarching goal of the project was to encourage 
participants to produce original, authentic scholarship and 
artistic expression about this century's "Promised Land" mi- 
grations and to explore the implications of these move- 
ments for contemporary America. Toward that end, the 
www site is rich with discussion groups, student-produced 
materials, exchanges of information and data, and com- 
munications among students, artists, craft specialists, mu- 
sicians, researchers, and persons who have experienced 
group migration. The project's timely theme and resources 
provide many opportunities for problem- and project- 
based learning. 



1 The project was developed for Discovery Communications, Inc. It is the codesign 
of Hunter Williams, Senior Manager, Discovery, and Andree and Will Duggan of 
Interactive FrameWorks, Inc., a Maryland-based telecommunications consulting 
firm. Gopher and Web design consultation and implementation is being provided 
by the AskEric project at the Eric Clearinghouse on Information & Technology, 
Syracuse University, and the Info Mai! program of the Northeast Parallel Archi- 
tecture Center, also located at Syracuse University. 
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The project is primarily geared for use with junior high 
and high school students, although elementary school stu- 
dents and teachers have found appropriate activities in re- 
lationship to the project. Undergraduate and graduate stu- 
dents, doctoral candidates, and a wide range of experts 
from institutions of higher learning, research, and cultural 
centers are serving as local coaches and "telementors," list- 
serv 2 moderators, and occasional contributors. Addition- 
ally, thousands of interested persons of all ages are visiting 
the Internet and America On-line sites to engage in listserv 
discussions and private correspondence with teachers and 
students. 



RATIONALE FOR THE PROJECT 



Purpose 

The Promised Land Learning Community was developed to 
help students and others use Discovery Channel program- 
ming in innovative ways that promote engaged learning 
and integration of emerging telecommunications technolo- 
gies. More specifically, the design team wanted to use var- 
ious interdisciplinary themes related to migration, African 
American history, race relations, language arts, economics, 
and artistic and cultural expression to support a wide di- 
versity of connections to the subject areas (i.e., history, con- 
temporary issues, geography, social studies, and even bi- 
ology and chemistry). The goal was to create a synergy 
between the Internet maxim of "users as producers" and 
the problem-based learning principle of students as cocre- 
ators of new knowledge. The most critical task was to de- 
velop strategies for teachers and students to feel ownership 
over the project as a whole and their contributions to it. 

Research 

Much has been written about the information revolution 
and the changing roles of information producers and 
providers (e.g., Information Task Force, Committee on 

2 Listservs describe the software that provides opportunities for people with simi- 
lar interests to communicate using e-mail. Listservs allow one subscriber to com- 
municate with many other subscribers by sending messages through one address. 
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Applications and Technology, 1994). Traditionally, most 
schools depend very heavily on textbooks that supply most, 
if not all, of the necessary instruction, assessments, and an- 
cillary materials. Thus, these providers support a trans- 
mission model of learning in which learners acquire the in- 
formation that is provided. Jones, Valdez, Nowakowski, 
and Rasmussen (1995) argue that schools and other edu- 
cational institutions will turn increasingly to what they call 
the "New Providers" of content for students and of profes- 
sional development. 

Some New Providers offer global information content 
and resources, such as weather data from nasa's earth sta- 
tions, or support virtual learning communities using pub- 
lic information resources such as zoos, libraries, and mu- 
seums. (See References for the addresses of two New 
Providers: Academy One and the World Wide Web for the 
Coalition of Essential Schools.) Others provide valuable in- 
formation services such as designing software that helps 
students visualize and understand what they see. What 
these groups have in common is that they support active 
learning and interdisciplinary projects around authentic 
tasks, and they often provide links between students and 
experts and role models. 

Although the concepts for the Promised Land Learning 
Community have been evolving for several years, the New 
Providers concept helped us focus on design questions. 
How can we develop a virtual learning community around 
a powerful documentary television series so that learners 
are engaged in authentic tasks that are meaningful and chal- 
lenging? How can we design telecommunications tools that 
help students and others interact with data and resources 
in user-friendly ways? How do we create conditions for 
knowledge building among wide ranging age groups and 
interests? We believe that the pilot we have designed could 
be a model for others to use the Internet and other telecom- 
munications to change fundamentally the nature of learn- 
ing at a distance, working toward building a telecommu- 
nity in which user interest and contributions become 
self-sustaining. 

Other sources of research that have helped shape the 
Promised Land Learning Community include the APA Pres- 
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idential Task Force (1993), which developed the learner- 
centered psychology principles referred to in various places 
in this book; and Checkoway and Flynn (1993), who dis- 
cussed new roles for students as producers and commu- 
nity builders. These seminal works envision new student 
and teacher roles in very social, low-risk environments that 
are highly supportive of critical thinking, problem solving, 
and independent learning. In addition, these works (among 
others; e.g., Jones et al., 1995) emphasize the importance 
of authentic tasks. 3 

Components of the Project 

On the basis of the research and much thought, we devel- 
oped the Web site for the Promised Land Learning Com- 
munity using a variety of components. Figure 10 illustrates 
the major components of the site and how they fit together. 
The major components may be defined as follows: 

1. Unifying Theme. The unifying theme of migration will 
support (a) diverse subthemes and (b) various subject ar- 
eas. Examples of project subthemes include exploring fam- 
ily histories; determining the chemistry and nutrition of fa- 
vorite family reunion foods; using technology to map the 
patterns of migration; exploring similar migration experi- 
ences; comparing and contrasting how blues and spiritu- 
als have evolved; using oral histories in English-as-a-Sec- 
ond-Language classes; and linking themes in the Promised 
Land to other works of literature and to U.S. history. Sub- 
ject areas for the Project include history, social studies, the 
performing arts, the humanities, chemistry, nutrition, po- 
litical science, and economics. 

2. Facilitators. Our job is to create the community: iden- 
tify people who enrich the Learning Community; concep- 
tualize potential connections to education; moderate on- 
line discussions; help make matches of classroom activities 
with learning resources, relationships, and related activi- 
ties; coordinate the student-mentor and student-teacher 



3 The Promised Land Learning Community can be found at the following address: 
http:Wwww.discovery.com/school. 
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Figure 10 Learning community components. Copyright 1995, Interactive Frameworks, Inc. 



contribution process; edit and help publish contributions 
from participants; evolve and refresh the Learning Com- 
munity over time. Facilitators as well as community mem- 
bers help teachers see how to use resources creatively. For 
example, an English teacher might want help in utilizing 
some of the resources for art and music. We might also 
help teachers see the same theme from multiple perspec- 
tives or link them to sound research and practice. 

3. Community Connections. These are the people, resources, 
and organizations, such as museums, that the facilitators 
bring on board to work either locally or virtually with class- 
rooms to enrich the learning experience. Prescreened tele- 
mentors are accomplished artists, business people, com- 
munity leaders, and scholars who are ready, willing, and 
able to work with students and teachers locally or in cy- 
berspace. 

4. Collaborative Activities. Some projects initiated by the fa- 
cilitators are open-ended invitations to contribute small 
pieces to a "virtual quilt." For example, making an African 
American timeline becomes one square in a broad effort to 



Used by permission. 
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gather historical data. In other instances, teachers and stu- 
dents create projects to advance specific educational ob- 
jectives. In all instances, communications are diverse: stu- 
dents teachers, experts, community members, and others 
communicate with each other throughout the project. 

5. Communication Channels and Support Structures. Our list- 
serv discussion allows community members to use e-mail 
to post interests, queries, references, and opinions. This 
discussion serves as a self-perpetuating match-maker that 
brings together people who share common interests in the 
theme of migration and subthemes such as race relations 
or evolution of the blues. The on-line discussion may also 
bring together those interested in pedagogy such as the de- 
velopment of interdisciplinary projects, the use of telecom- 
munication technologies, and community-based learning. 
Additionally, participants can access 

o information about the documentary series. 

□ frameworks and approaches for academic achievement. 

□ accruing references (e.g., books, films, exhibitions) and 
Internet resources. 

n special projects such as a discussion on leadership in 
which African Americans of all ages participate, spon- 
sored by Academy One. 

6. Authentic Scholarship for Authentic Audiences. The entire 
project can be seen as an effort to support the production 
of original scholarship and insight from students, working 
alone or in teams, or as cocreators with practicing profes- 
sionals. The www site of the Learning Community houses 
the Student Showcase with a full array of original student 
reports, artwork, oral history transcripts, musical compo- 
sitions and other products from locally innovated projects, 
as well as results from on-line networking projects. The 
long-term goal of the facilitators is to index the Showcase 
so that this work can become more useful to others with 
an interest in a particular area, such as Chicago in the 30s 
or Mexican immigration. 



Student contributions to the Learning Community are 
published through a three-stage communication process 
with the project designers: a one-sentence "idea"; a one- 
page "plan"; and the final presentation. This process pro- 
vides an opportunity for the Learning Community design 
team and facilitators to suggest resources, relationships, 
and activities and to network like-minded efforts. Partici- 
pants are also encouraged to provide updates throughout 
the process as well as post interesting findings and queries 
to the listserv discussions. 



FLOW OF PROJECT 



The Promised Land Learning Community has entered its sec- 
ond year in 1996. What follows is a brief summary of what 
took place from September 1994 throughout 1995. Figure 
1 1 shows the development of the project. 

First, we determined that the project focus would be 
The Promised Land — a compelling saga, somewhat unsung, 
that would help distinguish our work as a telecommunity 
investigating interdisciplinary themes from what we saw as 
a plethora of on-line efforts in mathematics and science. 
Then we conducted a field survey of "things connected with 
The Promised Land" and developed a project description, 
which served as a basis for conversations with people who 
might bring resources to the Learning Community. We 
conducted "win-win" dialogues to negotiate what each per- 
son or group would bring to the community and what they 
would take from it. At this point, we were ready to involve 
pilot schools that we knew were interested in project- or 
problem-based learning or integration of Internet tech- 
nologies with learning. We heard about the potential class- 
rooms through the on-line grapevine (e.g., discussions at 
the Consortium for School Networking, Internet surveys, 
chance meetings, recommendations of knowledgeable per- 
sons). 

We spent many hours linking teachers and other school 
staff to our telementors and other resources at the site. We 
actively used the garden metaphor in our work: planting. 
It seemed to us that we were bringing together the ele- 
ments to help things grow — nutrients, water, sunlight. 
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September, 1994 




Febuary, 1995 



Figure 11 Flowchart for The Promised Land learning community. Copyright 1995, Interactive 

Frameworks, Inc. Used by permission. 

When we saw seedlings growing, we were ready for a Pub- 
lic Launching (announcement) of the project. Tending our 
"garden" involved proactive production, matchmaking, and 
handholding. Proactive work involved such things as conv 
missioning a guide to oral histories or facilitating activities 
with Academy One. Handholding meant doing whatever 
was necessary to get people feeling comfortable enough to 
do what they had said they would do (e.g., "Do you have 
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your e-mail address yet?" or refining the www and gopher 
sites). 



SAMPLE PROJECTS AND ACTIVITIES 



New Places Project 

One of the most popular projects for elementary schools 
has been the New Places Project, a collaboration between 
the Promised Land Learning Community and i*earn t an in- 
ternational initiative supported by the Copen Foundation. 
This project was designed to be a mechanism for social and 
ethnic groups within schools to talk to each other and to 
facilitate the adjustments of students recently arrived at the 
school. The idea is that these new students become local 
experts because in order to participate in the project other 
students need to talk to them about their experiences in 
other countries or places. The challenge to students is to 
express personal feelings about the moving or migration 
experience, and to work collaboratively with other students 
and faculty to make school a better place for newcomers. 
Exhibit 4 is an essay produced by a fourth grader from San 
Francisco who had recently arrived from Mexico. The es- 
say was presented along with a photo of the sewing. Other 



Exhibit 4 



My Sewing 



The sewing is a symbol of Mexico The mountains remind me of Mexico, It has a 
cactus, a house, cloud, and sky. People are immigrating from Mexico to the United 
Slates, 



I chose these things because it is important for me not to forget where my parents 
are from and to be happy to be a Mexican American, t want people to know thai 
all our family Is proud. I also warn people to know ilui they should not be ashamed" 
of themselves. So my scene represents my love for my family and our culture. 

It is important to me that we don t laugh at their color. 1 think it must be hard when 
people get caugjit when they are coming to the United States* 

Johnny Tegeda, Paul Revere Primary, 4th Grade, San Francisco. 

Reprmted will* parental permission. Copyright 1W, Interactive Frameworks, Inc. Used by permission. 
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ways to participate in the project include Internet discus- 
sions across schools and countries. 

Mentoring Activities 

A major appeal of telecommunications technology is the 
capacity to provide schools with human resources that 
would otherwise not be available. The Learning Commu- 
nity has provided many prescreened mentors who appar- 
ently had at least as much reward from their experiences 
as the students. For example, John Beckley is an artist who 
uses iron casting to make sculptures. As part of his inven- 
torship, he used both telecommunications and local visits 
to teach some students about his technique. Later he in- 
vited them to join him in a workshop he was giving. John 
Beckley told us that 

... In May of 1995, Suitland students, 
Michael Young, Adrian Britt, and I con- 
ducted a mini-workshop about their cast- 
ing experience. This was quite exciting for 
the students, and for me as well. The work- 
shop took place during a showing of my 
work which was part of a national tour of 
African American Craft Art. I went that day 
thinking I would probably be the main 
presenter, but within a few minutes, I was 
pleased to see the boys taking the lead with 
the audience and begin teaching every- 
thing they had learned themselves. The 
whole experience was personally gratify- 
ing, (personal communication, May 1995) 



REFLECTION AND SELF-ASSESSMENT 



We view the pilot as an important first step to provide a 
design that advances the dynamics of authentic tasks, im- 
proved access to data and resources, knowledge -building 
in the context of a Learning Community, and interaction 
with practicing professionals and community members. 
That said, there is a long way to go, especially in terms of 
the economic and administrative support of cultural 
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changes (classrooms without walls) and connectivity (both 
real and virtual) so that teachers, learners, and mentors can 
take on and innovate new roles and responsibilities. 

The facilitators can attest to the amount of interper- 
sonal support, training, and support services that are re- 
quired to help teachers, learners, and mentors explore new 
roles, interrelationships, and learning activities. Teachers, 
learners, and mentors needed help getting on-line, gaining 
the confidence to shape their own innovations, and shift- 
ing from a passive dependence on having materials pro- 
vided to proactively seeking out new materials and rela- 
tionships and incorporating that search into the authentic 
learning process. 

With hindsight, we were clearly expecting too much 
to have students share presentations and materials pro- 
duced for others so quickly. Perhaps the central issue we 
had to address was the ease with which teachers and learn- 
ers make connections between Promised Land activities and 
prescribed learning outcomes. A few classrooms did an ex- 
cellent job of connecting activities to curriculum objectives. 
Many more contributions, however, were exciting and in- 
volved learning but were not well-integrated into the cur- 
riculum. Also contributions were delayed by tests, gradu- 
ations, summer vacations, and other events. In our minds, 
the delay showcasing student scholarship has been in- 
structive. In future efforts, we have to do a better job of 
helping teachers and learners understand how participa- 
tion in the Learning Community and production of au- 
thentic scholarship can make a better match with acade- 
mic achievement and curriculum goals. We believe 
adequate lead time is key. 

We feel that participation in the Promised Land Learn- 
ing Community would be more fluent if the community 
members had had the indicators of engaged learning pro- 
vided by Jones et. al. (1995) as a common vocabulary to 
have a better understanding about the dynamics of good 
learning experiences. This project was a pilot, and pilots 
are intended for design teams and facilitators to learn from 
their mistakes. We are refining and refreshing the Learn- 
ing Community for release in 1996, incorporating and or- 
ganizing the vast community contributions and resource 
ideas. 
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PROBLEMS AS POSSIBILITIES: TRANSFORMING GARBAGE 
INTO GOLD 



Sheryl L Finkle and Linda T. Torp, Illinois Mathematics 
and Science Academy 

Overview of the Project 

In the summer of 1994, the Illinois Mathematics and Sci- 
ence Academy's (imsa) Center for Problem-Based Learning 4 
and the Illinois State Board of Education (isbe) began a 
3-year, multiphase collaboration to engage students state- 
wide in authentic service learning experiences that were 
problem based. The planning team for this project wanted 
to provide students with educational opportunities to en- 
gage in community problem-solving while enriching aca- 
demic learning, promoting ethical decision-making, and 
developing skills necessary for productive citizenship. 

During the first phase of the collaboration, imsa staff 
worked with isbe staff to design and implement the pro- 
ject. Our task as professional developers was to provide se- 
lected teachers in Illinois with the appropriate background 
knowledge and skills, materials, and mentorship to code- 
velop and implement with their students an interdiscipli- 
nary problem-based learning unit centered on an authen- 
tic ill-structured problem related to a common issue. The 
issue of garbage and managing waste was chosen because 
of its universal nature and the ability of teachers and stu- 
dents from a wide variety of urban, suburban, and rural 
settings to connect with this relevant situation. 

During the fall of 1994, we worked with approximately 
50 teachers from nine schools (K-12) in a series of six full- 



4 The Illinois Mathematics and Science Academy's Center for Problem-Based 
Learning has been funded through the Harris Family Foundation. 

The model landfill problem used in this project was first developed for the imsa 
Summer Challenge Program which was funded by the Alfred P. Sloan Founda- 
tion, the Lloyd A. Fry Foundation, the Amoco Foundation, Amerttech Illinois, 
and the Illinois Power Company. 

The efforts of the participating school teams in the development and implementa- 
tion of their problem-based learning and service learning units were supported in 
part through funds from the Learn and Serve America Program administered by 
the Illinois State Board of Education. 
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day design and implementation sessions. We assisted each 
school team in finding an appropriate garbage-related prob- 
lem within their own community and creating a problem- 
based curriculum focused on this situation. Using a pro- 
totype landfill problem as a model, teachers designed units 
and prepared accompanying teaching and learning plans 
taking into account the school's culture, the students' learn- 
ing needs and abilities, and district outcomes (Finkle, et 
al, 1994). 

Whereas four of the nine teacher teams chose to use 
the landfill simulation, the remaining units that emerged 
placed students in the midst of wide-ranging, authentic, 
problematic situations. These included reducing waste at 
school by community recycling; moving large-scale incin- 
eration in the neighborhood to the location of county land- 
fills; and the safe and legal disposal of biohazardous waste 
dating from 1939 located in the basement of a hospital. 
The problem takes anywhere from one to three weeks to 
come to resolution depending on time allotted in the daily 
schedule, the range of issues and subissues students ex- 
plore, and the medium of exploration (i.e., field trips, ex- 
perimentation, reading, community contact). 



DESCRIPTION OF THE SCHOOLS 



Imsa was established through state legislation with a two- 
part mission. One aspect of this mission is to serve the 
needs of over 600 students talented in mathematics and 
science. We maintain the nation's only 3 -year public resi- 
dential high school. The other aspect of our mission is to 
serve the needs of the school districts in the state in trans- 
forming mathematics and science teaching and learning. 
For this reason the Academy supports an extensive pro- 
gram of professional development through institutes, part- 
nerships, and sustained relationships with school-based 
teams. To provide substantive support for one such pro- 
fessional development focus, imsa established the Center 
for Problem-Based Learning. The Center promotes, re- 
searches, and facilitates educators' inquiry into problem- 
based learning for K-12 schools. 
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Project staff included Dr. Sheryl Finkle, Coordinator 
i'or Teacher Development in the Center Tor Problem-Based 
Learning (pblX and Linda Torp, Strategic Coordinator for 
pel Initiatives, as well as Mary Beth Murphy and Jane Knight 
who serv ed as coordinators during year 1 of the project to 
conduct on-site mentoring sessions with the teachers in the 
fall term and observations and peer coaching sessions for 
each school team m the spring term. 

Schools participating in phase one of this project were 
selected through an application process that considered 
commitment to service learning, an interest in problem- 
based learning, existing collaborative networks, and sup- 
port for interdisciplinary curricula. See Exhibit 5 for par- 
ticipating schools. 



RATIONALE FOR THE PROJECT 



Purpose 

The nine school teams produced service learning and/ 
problem-based units centered upon a relevant aspect of the 
waste stream and modeled after the prototype landfill prob- 



Exhibit 5 


List of Participating Schools (All in Illinois) 


School Name and Local ion 


Demographics and Grade 


MeCleery Accelerated School, Aurora 


_ 

suburban elementary 


Gavin Accelerated School, Chicago Heights 


urban elementary 


smyser Accelerated School, Chicago 


urban elementary 


Baiavia Middle School, Batavia 


suburban middJe school 


Sandburg Middle School, Frecport 


urban middle school 


Thurgood Marshall Middle School, Chicago 


urban middle school 


Washington Middle School, Springlicld 


urban middle school 


Chicago Vocational Essential School, Chicago 


urban high school 


Steinmetz Essential School, Chicago 


. 

urban high school 
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lem. These units varied in both focus and presentation. Ma- 
terials and activities were designed for students in ele- 
mentary, middle school, or upper grades and in response 
to different developmental needs and abilities. Each team 
established its own learning outcomes by considering dis- 
trict outcomes and objectives, state goals for learning, and 
appropriate national standards. 

Research Component 

This project involved three different research bases: 

First, all school teams were informed by three princi- 
ples of service learning offered by the National Staff De- 
velopment Council (nsdc). 

□ All involved in the service experience are appropriately 
prepared, including students, teachers, and community 
members. 

□ The service activity addresses real community issues or 
needs. 

o Student debriefing and reflection of the experience re- 
lates to academic, social, and personal development 
(nsdc, 1994). 

Second, problem-based learning is an educational in- 
novation that organizes curriculum and instruction around 
carefully crafted "ill-structured" problems. Rather than re- 
ceiving information first then applying what has been 
learned, pbl confronts students with a messy situation in 
which they must identify the real problem and learn what- 
ever is necessary to achieve resolution. This approach has 
its roots in the work of Howard Barrows (1988) and in the 
ideas of John Dewey, which focus upon the teaching of 
thinking and the solving of significant problems. 

Problem-based learning as defined by imsa is a recur- 
sive, problem-solving technique that leads to developing 
habits of mind that support inquiry and data-driven deci- 
sion-making. Students gather and apply knowledge and 
skills from multiple disciplines in their search for solutions. 
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Guided by teachers acting as cognitive coaches, students 
tackle complexity and engage in meaningful learning. 

Third, our model incorporates many elements of 
coaching. Integrative ways of thinking, problem-handling, 
and repertoires of different ways of knowing do not just 
happen because kids meet ill-structured problems. The 
problem for teachers of problem-based learning is know- 
ing how to maximize the effects they know can come from 
this approach by good coaching and effective problem de- 
sign. Coaches ask probing and challenging questions that 
help students to identify not only their conceptual under- 
standing but also their developing thinking strategies and 
the role those strategies play in meaning-making. Coached 
through some false starts, blind alleys, and information 
"dumps," students come to understand that it is not enough 
to simply know what an article or an experiment or a com- 
munity resource says. Coaches also help students to con- 
sider how placing that information in the context of the 
problem alters the significance of the information and how 
new information may alter the nature of the problem. 

Project Features 

Each team determined its own local implementation strat- 
egy. Nevertheless, in the interest of maximizing the bene- 
fits of pbl, all school teams were required to maintain the 
consistent design and implementation features in their 
units, indeed, identifying the work as problem-based learn- 
ing. Features of our pbl model include 

O introducing the unit by having students assume a role in 
a complex problem situation. This situation confronted 
the students with an ill-structured problem that they first 
defined for themselves and then worked to resolve. 

This problem has two parts. First, there is a question 
about the issue: "How can we advise the mayor of Geneva 
on the placement of a new landfill?" Second, there is a state- 
ment of conditions necessary to adequately resolve the is- 
sue: "in such a way that we: (a) honor our contract; (b) re- 
spond to community concerns as possible; (c) maintain the 
safety of the environment to the degree possible; (d) make 



an economically feasible decision; (e) maintain the integrity 
of our firm by responding with ethical responsibility?" 

D The unit concluded with a performance assessment and 
debriefing in which students presented their resolution 
to the problem in a setting authentic to their role in the 
problem and reflected on what they had learned, where 
their thinking was strongest or weakest, and what learn- 
ing issues or strategies they needed to address in future 
work. 



□ Both the materials and learning activities were support- 
ive and adaptive. That is, the students met their prob- 
lem and were subsequently supported in working toward 
its resolution throughout. The teaching and learning se- 
quence was designed to 



□ help students acknowledge and respond appro- 
priately to the changeable nature of the ill-struc- 
tured problem and the persisting uncertainty 
about information surrounding it; 

n develop, test, and refine self-selected plans for 
action; 



□ arrive at their own informed conclusions about 
the most appropriate (vs. the "right") resolution 
to the problem. 

□ The design and implementation of the pbl unit high- 
lighted interdisciplinary connections and encouraged 
students to formulate an integrative, holistic conceptual 
picture of the problem with which they were confronted. 
Through a series of concept mapping activities, both 
teachers and students had various opportunities to visu- 
ally represent their unfolding picture of the problem and 
its growing, changing character. 

o The teaching and learning plan or template (a highly flex- 
ible implementation guide) included critical teaching and 
learning events that unfold in a recursive way in response 
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to the students learning needs (see Figure 1^ in next sec- 
tion), 

0 Each problem had a service learning focus; that is, the 
problem deliberately blended academic learning with 
community service. Students learned and applied knowl- 
edge and skills to a real-world situation while their com- 
munities both contributed to the students' understand- 
ing of the problem and then benefited from the products 
of the students' efforts in bringing that problem to a level 




THE FLOW OF A Pbl UNIT AND SAMPLE ACTIVITIES 



; in mind, school teams designed and 
their pbl units within an organic framework 
that considers and supports a naturalistic flow from design 
through implementation (see Figure 12), 




The flow of a PBL unit unfolds in an organic way. 




Problem Design 



Problem 
Implementation 



Figure 12 Flowchart for Illinois Mathematics and Science Academy Problem-Based Learning approach, 
Copyright by Illinois Mathematics and Science Academy. Used fry permission. 
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Problem Design 

School teams began their design work by considering pos- 
sibilities for community-based problem situations. Many 
teachers spoke with officials within their communities, 
scanned local newspapers for timely stories, and consulted 
with other community members to identify real problems 
related to garbage or the waste stream that would serve as 
the basis for their units. In addition, they kept an eye to- 
ward learner characteristics and school curriculum objec- 
tives, including their own service learning objectives. This 
exploration lead to the choice of a relevant problem of 
worth for students and the community that would provide 
substantial curricular payback. 

To develop the pbl unit they then gave focus to the 
chosen problem by deciding on a perspective or role and 
situation through which students will encounter the prob- 
lem. Which perspective would afford students the greatest 
opportunity or enticement for engagement? We want stu- 
dents to own the problem, the inquiry, and make a per- 
sonal investment in the solution. A shift in the perspective 
through which students meet and understand a problem 
can have a profound effect upon its resolution. Other as- 
pects of unit development include searching for materials 
and community resources to enable students' inquiry into 
the problem, and designing and developing the appropri- 
ate materials to support the critical teaching and learning 
events of pbl. 

Building the teaching and learning template requires 
an appreciation of the teaching and learning events of the 
pbl process along with an understanding of the role of the 
teacher as cognitive coach during this implementation 
process. Through many hours of classroom observation, 
we have determined the following events to be critical for 
highly successful pbl experiences. 

□ Teachers may wish to prepare the students for pbl by 
providing the necessary pbl skills upfront, or skill de- 
velopment may be integrated into subsequent teaching 
and learning events. 

□ Students meet the problematic situation through the per- 
spective of a stakeholder in the situation. (Note: Student 
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groupings were determined by the teacher teams, so 
groupings ranged from very large groups to whole classes 
to small groups.) 

□ Students determine what they know about the situation, 
what they need to know to the define the problem and 
come to some resolution, prioritize what needs investi- 
gation and learning, and perhaps formulate hypotheses. 

□ Students identify and define the problem inherent in the 
problematic situation. They write a problem statement 
which clarifies the issue and the conditions necessary for 
appropriate resolution. 

□ Students make inquiries and gather information relevant 
to the problem as defined. They share information gath- 
ered to enable all to grasp a holistic understanding of the 
problem. 

□ Students may revisit what they know and need to know 
as they learn more about the problem. They may also re- 
fine or adjust the problem statement, gather additional 
information, and discuss an emerging picture of the "real" 
problem several times before they are ready to generate 
possible solutions. 

□ Students generate several possible solutions to the prob- 
lem as defined. 

n Students evaluate solutions generated in light of the 
problem statements identified issue and conditions. 
They select the solution of best fit. 

ci They offer their solution in an authentic performance sit- 
uation interacting with real stakeholders in this problem, 
responding to their questions and concerns, and, if ap- 
propriate, implementing the solution in context. 

□ Students and teacher as coach debrief the learning 
process exposing learning and supporting critical reflec- 
tion of the process. 



As teachers plan or build the template, they have clear 
goals for each event that relate to student thinking at the 
cognitive, metacognitive, and epistemic levels. 

Problem Implementation 

The two phases within problem implementation are very 
iterative and overlapping. That is, the assessments are em- 
bedded throughout the project implementation. Further, 
within the critical teaching and learning events described 
above, there are cycles of concept mapping, coaching, re- 
thinking, and revising. 

Periodic embedded assessments of various types not 
only provide teachers with a sense of the students' devel- 
oping thinking throughout the teaching and learning se- 
quence but also prompt students to address whole to part 
and part to whole relationships in the problem. A typical 
embedded assessment called a problem log may provide 
previously unknown information and require students to 
respond to the concerns of people with another perspec- 
tive (see Exhibit 6). 

These problem logs both hold the students in role and 
prompt them through a real-world quiz format to articu- 
late what they have learned and examine the relationship 
of that newly-acquired information about social and/or po- 
litical aspects of the problem to the bigger picture. These 
assessments build on the students' prior knowledge and 
encourage integration of old and new knowledge by ask- 
ing questions such as the following: What is your current 
thinking as a result of the scientific data you collected? How 
will the information about social and political concerns 
contribute to the reconceptualization of the problem? 

Concept mapping is another form of periodic embed- 
ded assessment that is useful in examining a student's un- 
folding understanding of the conceptual space of a prob- 
lem, the interrelationship of ideas, and the relationship of 
part of the problem to the whole. In comparing concept 
maps generated at different times, students and teachers 
both can see how the number of ideas grows over time and 
how the concepts are reconfigured to illustrate increasingly 
complex relationships. 
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Exhibit 6 



Sample Problem Log 



Sample Problem Log 
Fairfax Inn & Restaurant 
Geneva, Illinois 

October 17, 1994 



Michele Barron Pace, CE.O- 
Prairie Environmental Services 
1500 West Sullivan Road 
.ra, IL 605064000 




r Dr. Pace: 

writing this letter as a concerned businesswoman in the Geneva vicinity, 
the owner of the Fairfax Inn & Restaurant, I am committed to providing my cus 
tomers with the highest quality service- 1 take pride in our motto "Sit Back 
Enjoy Yourself," which is considered a guarantee by most of our clients. 



k a 



It is my understanding that you are surveying different sites in Geneva to dete 
their suitability for a landfill. One of the identified sites is close to the Fairfax Inn, 
which is currently being remodeled to include an outdoor fine dining area. 1 am 
sure I do not need to tell you what the proximity of a landfill would do to our 
ness. The noise of the transport trucks, safety issues created by heavier traffi 
the stench from the landfill would all be detrimental. 1 also believe this wa 
detrimental to our community image as we already have one landfill 



nt 

lis to 
j l 



I am interested in learning more about your thinking about the best placement 
the site. Please advise me of the effect this landfill would have on my current 
erty value and taxes. Also, I understand that you met with community officials 
day, What other political/social implications might influence your decision and how 
will these implications affect the big picture as you have come to view ii in your 
study? I look forward to hearing from you soon. 
Sincerely, 



Joanne Fairfax 

Owner, Fairfax Inn and Restaurant 
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As students become satisfied with their definition of 
the problem and begin to focus their attention on build- 
ing potential solutions and analyzing which solutions best 
fit the conditions for a good solution, they continue to ben- 
efit from graphic organizers that they compose themselves 
from the raw material of the problem. Grids, matrices, de- 
ductive towers, cause and effect fishbones (graphic repre- 
sentations of complex cause and effect interactions), and 
others devices can help learners to organize their thinking 
about which potential site would be most appropriate for 
the mayor of Geneva to consider. 

In order to bring the problem to acceptable closure, 
the students need to not only make a decision but also to 
provide support for that decision that stands up to the rig- 
ors of sound reasoning as well as ethical and moral re- 
sponsibility. The final performance assessment, like the 
problem logs, maintains the students' role in order to max- 
imize the authenticity of the assessment. Engaging the real 
community players in this activity also increases the stu- 
dents' sense of empowerment. As a pbl student once com- 
mented, "Hey, this is the real thing, not Mr. T pretending 
to be on a committee." 

Students were most often evaluated in teams during 
the performance assessment, but they were also evaluated 
individually through the problem logs and the final con- 
cept map. Combining techniques allows teachers to fulfill 
Illinois state requirements for multiple means of evaluation 
at multiple points of evaluation. Teachers composed their 
own rubrics for evaluation with the following general rule: 
solutions should be evaluated according to their "fit" to the 
conditions of the problem as determined by the students 
and not with regard to a predetermined right answer. 

As students present their recommendations to com- 
munity members or officials, their peers sometimes per- 
form their own assessments of the other groups' work, and 
following their performances, students self-assess using a 
question guide provided by the coaches. All of this infor- 
mation is brought together in the debriefing session where 
students examine how the various solutions differed and 
why, and what the experts thought about the ways in which 
they handled the problem. Equally important is what the 
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students themselves thought about both the way they han- 
dled the problem this time and how they would approach 
it differently if they were confronted with it again know- 
ing what they now know both about this particular issue 
and about strategies for handling problems in general. Here 
as elsewhere the coach's questions can be critical in help- 
ing students to think about their thinking. 



REFLECTION AND SELF-ASSESSMENT 



Learning from Experience 

Year 1 of this project proved to be a learning experience 
for teachers, administrators, students, parents, community 
members and professional developers alike. Materials de- 
veloped, reviewed, and polished with the critical eyes of 
professional educators do not necessarily overcome the 
challenges of real urban, suburban, and rural classrooms. 
Students with other concerns, schools operating within tra- 
ditional schedules, teachers pressed to do more and more 
with less and less put hurdles in the path of innovation 
and change. We learned about the power of motivated 
teachers to jump those hurdles with persistence and flexi- 
bility. When altered schedules ate away at time reserved 
for this project, they found a way. When funding support 
did not materialize on time, they improvised and looked 
elsewhere. When colleagues questioned new techniques 
and students' abilities to cope with complexity, the stu- 
dents came through with high levels of engagement and 
deep levels of understanding. 

As professional developers, we grappled with concur- 
rently training teachers to design and implement pbl units 
while at the same time training regional coordinators and 
future trainers of trainers to ensure the same program's 
longevity. Planning and training days typically lead to re- 
grouping days where previous plans were set aside to meet 
the needs of our adult learners. The assumptions upon 
which we had made plans were at times faulty and, at other 
times, outrageously wrong. In an ideal world, traffic flows 
normally, it doesn't snow on meeting days, teaching as- 
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signments aren't shuffled, everyone views the situation 
through the same lens, we all hold the same beliefs about 
teaching and learning, and the check arrives on time. What 
we relearned is that all schools are different, all teachers 
are unique individuals, and we are all people of good will. 

The action-based, contextual, problem-based learning 
experiences demanded authentic assessments designed to 
capture the richness of students' learning or the depths of 
their misconceptions, while at the same time remaining ap- 
propriate to the learning community and the ill-structured 
problem. Teachers' varying experiences and philosophies 
of evaluation coupled with our own experiences and 
philosophies made assessment within the pbl experience 
and of the pbl experience problematic. This will remain an 
area in which we will continue to inquire, learn, and 
progress as this project moves forward. 

Year 2 will bring nine more school teams into the pro- 
ject with two additional regional trainer-coordinators. Six 
school teams from the year 1 cadre will be supported in 
the continuation of their service learning initiatives. We 
will continue to support and mentor isbe trainer-coordi- 
nators in these efforts. Three of the original nine schools 
were selected to engage in a more intensive partnership 
with imsa's Center for Problem-Based Learning and will be- 
gin an action research inquiry into problem-based learn- 
ing's contribution to service learning endeavors. 

Reflections of Success 

As we reflect upon the outcomes of this phase of this pro- 
ject, we are encouraged by indications of positive change 
in the way in which both teachers and students are en- 
gaged in the learning process. Teachers consciously worked 
to develop and nurture a classroom community in which 
students are safe and supported in their inquiry. They have 
shed the mantle of expert in favor of guide, facilitator, and 
coinvestigator. Many have reported a new-found trust in 
their students' desire to learn and a respect for abilities that 
they had overlooked. One middle school teacher shared 
that she is ". . . giving ownership back to the students, 
where it belongs — they own the problem — and the freeing 
part and the enthusiasm that students brought to it fed me 
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intellectually and it fed me emotionally as a teacher to 
watch them. . . " (personal communication). 

Students are assuming a greater responsibility for their 
own learning. They have discovered in the authentic, in- 
tegrative inquiry supported by pbl an energy source that 
fuels their desire to learn. Students at Washington Middle 
School in Springfield investigated the school's generation 
and disposal of solid waste, developed waste reduction 
ideas, piloted these ideas in three test classrooms, and de- 
vised methods to measure the effects of their idea imple- 
mentation. Solid waste decreased by 40%, reducing waste 
cartage to the landfill, and Washington students' awareness 
of solid waste and recycling increased as measured by be- 
fore and after surveys. 

Early in March students at Steinmetz High School in 
Chicago took ownership of a biomedical hazardous waste 
disposal problem at Our Lady of Resurrection Medical Cen- 
ter's parking garage. Students worked in departmental 
teams and investigated the legal, waste management, in- 
cineration, public relations, and financial issues of the 
problem. Opportunities to work in a collegial manner with 
fellow students and teachers highlights individual strengths 
and provides apprenticing opportunities to develop in 
other areas. By the end of April, the proposed problem so- 
lution was presented to hospital officials leading to swift 
problem resolution. Authentic assessments such as this are 
an essential part of the pbl process, providing specific and 
timely feedback along the way to support student learning. 

Teachers from Batavia Middle School reported that 

For most students this was the first time 
they were in total control of their learning. 
While this was an exhilarating experience, 
it was also frightening. Students were re- 
quired to learn self-discipline and respon- 
sibility in a real-world work setting, (per- 
sonal communciation) 

Although teachers were there to provide direction to re- 
sources, students were required to process and communi- 
cate information first-hand. From this information, they 



were to analyze important data and synthesize the evidence 
presented by such into a reasonable and thoughtful deci- 
sion. This was perhaps the most difficult for them, as they 
soon realized that real-world problems are "messy," and 
that they are not necessarily solved to the benefit of all. 
Students of all abilities were able to use whatever intelli- 
gences were accessible to them, not only to teach them- 
selves but others. They discovered the power within them 
to educate, advocate, and contribute. 

Using problem-based learning as the means to design 
and implement service learning curricula holds tremendous 
potential to transform education and nurture a sense of 
communal responsibility. Students serving as resources to 
their communities move beyond volunteerism into in- 
volvement, rediscovering relevance for learning and find- 
ing meaning within the context of community. Teachers in 
the role of designers and coaches embrace a holistic view 
of teaching and learning that integrates curriculum and in- 
struction, empowering both teachers and students within 
the context of learning. 
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SELF-DIRECTED ACTIVITIES-GOAL 7 



In this activity, we will focus on Phase 4; Preparing & Presenting Findings and Phase 5: De- 
briefing & Consolidation. 



Understanding the Teacher Authors 1 pbl-cd Units: Compare and contrast ideas 
from the two pbl-cd units. What useful ideas have these teacher authors incorporated into 
their pbl-cd units? Which ideas are unique to each unit and which are common to both 
units? Record them in the appropriate areas of this Venn diagram: 



Discovery Channel Learning Community: Problems as Possibilities: 

The Promised Land Project Transforming Garbage into Gold 
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Understanding and Planning for Your pbl-cd Units: Phase 4 — Preparing and Pre- 
senting Findings; and Phase 5 — Debriefing and Consolidation. Using Goal 3 and Appendix C 
as references, what ideas from the Venn would be most useful to you as you build upon 
plans in preparation for Phase 4 and 5? 




Think about how these ideas and ideas from earlier units will help you to prepare for 
Phase 4 and 5 of progressive problem solving in the classroom: What teaching and learn- 
ing strategies will help you and your students identify specific problems? What teacher 
roles and student roles will be most appropriate throughout this phase? 



Teacher 
Roles 


Teaching Goals and 
Strategies 


Student Roles 


Learning Strategies and 
Responsibilities 
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Acting and Sharing: When you have completed a draft of possible instructional ac- 
tivities for Phase 4 and 5, share your ideas with a "critical friend" team. Describe your 
plans for your informal conference below. 

Process for a "critical friend" dialogue: 

□ share your desired outcome for the conversation 

□ ask your critical friend to practice active listening and ask clarifying questions 

□ offer constructive, nonjudgmental feedback 



EI 



Reflecting: Reflect upon the outcomes of your critical friend conference. List or in 
some way represent them (metaphor, graphic organizer, icon). 
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ET 



Rethinking and Refining: What are the implications for you or your team's unit 
plan? 
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You have read stories of innovation, of changes in roles and 
relationships, and of struggles and triumphs. These stories 
represent the diverse ways in which practitioners have used 
interdisciplinary, problem-based learning in schools and 
communities. 

Their search for more meaningful learning and teach- 
ing began with reflections on practice. These teachers then 
improved their practice by engaging in a progressive 
process of curriculum development: continually under- 
standing and planning for problem-based learning; acting 
on their plans and sharing their results; reflecting on their 
work; and rethinking and refining their work. 

Teaching and learning in their schools and communi- 
ties as well as their own professional growth was further 
strengthened by collaboration. Groups of students became 
more engaged in their own real-life problem solving. Stu- 
dents, teachers, practitioners-in-the-field, and community 
members became more frequent coinvestigators, copro- 
ducers, and coevaluators. Teachers benefited from the feed- 
back and support of critical friends while developing and 
implementing curricula. 

Problem-Based Learning as Codevelopment provided a 
framework for improving practice, enhancing student 
learning, and contributing to the knowledge base around 
problem solving. Pbl-cd has been a powerful experience 
for us as well as the practitioners we have worked with. In 
creating this framework with the people using it in schools, 
we have been able to combine research and best practice 
in a way that engages teachers in the same collaborative 
approach to interdisciplinary, real-life problem solving that 
we espouse for students. The authentic work of codevel- 
oping pbl curricula has provided structure to our changing 
roles and relationships and has advanced the work of an 
ever-expanding community of practice. 

We hope that you have found meaning in the content 
of this book and that by engaging in the self-directed ac- 
tivities, you have indeed joined the community of practice 
around interdisciplinary, problem-based learning. We rec- 
ognize that changes in practice as complex as pbl take time 
and that it is often best to start small. Therefore, we asked 
you to choose a single instructional practice to change be- 



fore selecting a unit to further develop or refine. We en- 
couraged you to begin to make changes as an individual 
teacher, but to involve colleagues early on in the curricu- 
lum development process as critical friends and members 
of your design team. Step by step, we guided you through 
a planning process so that this complex innovation would 
be more manageable. Finally, we provided plenty of actual 
examples of real-life problem solving so that you could 
consider a variety of applications when planning. 

Now we hope that you feel ready to implement your 
pbl unit. In fact, we think that engaging in problem-based 
learning by actually doing an investigation of a real prob- 
lem is essential for further curriculum development. This 
is especially true if units involve students in the choice of 
problems, in planning for and carrying out an investiga- 
tion, in creating products and presenting findings, and in 
evaluating their learning. Your students will in many ways 
be the best judges of the pbl unit. They will be able to let 
you know early in the unit whether or not the problems 
and tasks are truly meaningful to them. Over the course of 
the unit, their triumphs and struggles will provide infor- 
mation about ways to better manage a challenging investi- 
gation. Together you can continue to refine your unit — 
learning by doing. 

When thinking about the importance of collaboration 
and learning by doing to next steps in your pbl unit, we 
are reminded of the advice of Michael Fullan (1993). When 
talking about curriculum development and implementa- 
tion, he advocated that educators 

start into action as soon as possible estab- 
lishing small scale examples, adapting, re- 
fining, improving quality, expanding, and 
reshaping as the process unfolds. This 
strategy might be summed up as start 
small, think big: or the way to get better 
at implementation planing is more by do- 
ing than by planning. (p. 27) 

We feel that his advice is essential to the development and 
implementation of real-life problem solving. 



We hope that Problem-Based Learning as Codevelop- 
ment will continue to facilitate sound professional devel- 
opment and support change over time by providing a com- 
prehensive framework and tools for thoughtful curricular 
planning and an ongoing process for implementation. 

We have been inspired by the diverse and powerful 
ways in which reflective practitioners make pbl-cd happen 
in schools and communities and by the extraordinary im- 
pact of such learning on students. The creativity and com- 
mitment of students and of teachers, like those described 
in this book and like you, reinforce our desire to start small 
yet think big when engaging in real-life problem solving. 
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r 



Variable 



Vision of Learning 



Indicator of Engaged Learning 



Indicator Definitioi 



l asks 



Responsible for learning 
Strategic 

Energized by learning 

Authentic 
MultiuWipliiury 



hiHinulion.il Model 



Performance -based 
Generative 

Seamless and ongoing 

Interactive 

CCIUT.lt INC 



Learner involved in setting goals, choosing tasks, develop- 
ing assessments and standards for the tasks; has big pic- 
ture of learning and next steps in mind 

Learner actively develops repertoire of thinking/learning 
strategies 

Learner is not dependent on rewards from others; has a 

passion for learning 

ideas and i 

Pertains to real world, may he addressed to personal inter- 
est 

Difficult enough to be interesting but m ipouTj Ihtftrat* 

mg. usually sustained 

Involves integrating disciplines id solve problems and ad- 
dress issues 



Involving a performance or demonstration, usually lot .1 

real audience and useful purpose 
Assessments having meaning for learner; maybe produce 

information, product, service 
Assessment is part of instruction and vice versa; students 

learn dunng assessment 
Assessment is culture fair 



leather pi technology program responsive 10 student 

needs, requests (e g . menu driven) 

instruction oriented to constructing meaning; ptovkhng 
mcanmclul Activities and experiences 



Learning Context 



Collaborative 
Knowledge-building 

Empathetic 



Instruction conceptualizes students as part of learning 

community, activities are collaborative. 
Learning experiences set up to bring multiple perspectives 

to solve problems such that each perspective contributes 

to shared understanding for all; goes beyond 

brainstorming 
Learning environment 



<. iroupfttg 



Heterogeneous 
! ■ unliable 
Flexible 



Small groups with persons from dillereni ibilit) levels and 
backgrounds 

small gyotjps organized u ,| ut ovet ttrar all students 
challenging learning u^fcsta c pe rt e n egs 

nillerent groups organized lor dillereni instructional pur- 
poses Sjd eUcfil person is ,« member ol dillereni groups. 

works with different people 



Teacher Roles 



Facilitator 
Guide 

Co-leamer/co-invcstigator 



Engaged in negotiation, stimulates and monitors discussion 
and project work but docs not control 

Helps students to construct their own meaning by model- 
ing, mediating, explaining when needed, redirecting lo- 
cus, providing options 

Teacher considers self as learner; willing to take risks to 
explore areas outside his or her expertise, collaborates 
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rLxpiuici 


Students have opportunities to explore new ideas/tools - , 






push the envelope in ideas and research. 




Cognitive Approaches 


Learning is situated in relationship with mentor who coaches 






students to develop ideas and skills that simulate the role 


Student Roles 




of practicing professionals (i.e., engage in real research). 




Teacher 


Students encouraged to teach others in formal and informal 






contexts. 




Producer 


Students develop products of real use to themselves and 






others. 



Source: Jones, B., Valdez, G., Nowakowski, J., & Rasmussen, C. (1995). Plugging in: Choosing and using educational tech- 
nology. Washington DC: Council for Educational Development and Research. Copyright B. Jones, C. Rasmussen, and M. 
Moffitt. (1995). North Central Regional Educational Laboratory, Oak Brook, IL. Reprinted by permission. 
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SUGGESTED STRATEGIES FOR USE WITH INDIVIDUALS AND 
GROUPS THROUGHOUT THE Pbl-Cd PROBLEM-SOLVING PROCESS 



□ Brainstorming and organizing ideas via any of many 
group recording strategies (e.g., kwhl, etc.). 

□ Questioning to elicit problems, understanding, perspec- 
tives, hypotheses, and plans. 

□ Thinking/pairing/sharing and other similar strategies to 
ensure oral participation of everyone. 

n Keeping journal or other written strategies to identify in- 
dividual student's interests and his or her understanding 
of the problem, plans for inquiry, research, and feed- 
back. 

o Concept mapping and other graphical representations 
around a problem and the growing knowledge of it. 

o Representing in writing or graphically an understanding 
of broad goals and framework for the problem-solving 
process. 

□ Modeling and simulating skills for collaboration and in- 
quiry. 

o Student and teacher-generated peer review forms for 
feedback from others to incorporate in refinements of 
plans for investigation. 

□ Student and teacher-generated assessment tools for own 
use and possibly audience use (e.g., checklist, rubric, in- 
terview, journal entry). 



Pbl-cd : An Illustration of the Pbl-cd Teaching and Learning Process 




Action research— practitioners ask research-based ques- 
tions of interest to them, design activities to address the 
questions, and make observations that inform their theo- 
ries of learning and their practice. In this way, teachers en- 
gage in inquiry to study what they are doing. 

Alternative assessments— includes any type of assessment 
in which students create a response to a question rather 
than choose a response from a given list (e.g., multiple- 
choice, true/false, or matching). Alternative assessments 
can include short answer questions, essays, performances, 
oral presentations, demonstrations, exhibitions, and port- 
folios. 

Authentic tasks— activities for learners that represent 
tasks, issues, or problems in the real world — often includ- 
ing their complexities, ambiguities, messy data, inadequate 
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information, opportunities, and multiple perspectives. Au- 
thentic tasks involve contexts and audiences that are mean- 
ingful to the learner. 

Codevelopment— activities that involve people in design- 
ing and implementing something together. Pbl-cd empha- 
sizes the codevelopment of curriculum (a) between pro- 
fessional developers and teachers; (b) among teachers; (c) 
between teacher and students; and (d) among teachers, stu- 
dents, and the broader research and development com- 
munity. 

Cognitive apprenticeship— teaching and learning are sit- 
uated in authentic contexts. Teachers act as coaches and 
mentors while students become cognitive apprentices who 
learn concepts and academic skills from teachers in much 
the same ways that apprentices learn from masters in the 
crafts. 

Community of practice— engagement in the practice, not 
proximity or similarity of work or function, defines the 
community. The norms that emerge from common goals, 
shared work, and from sustained interactions over time 
hold the community together and distinguish it from some 
other teams, groups, work units, and networks. 

Critical friends— colleagues, classmates, or others who 
provide helpful feedback and stimulate reflection and re- 
finement of work. In pbl-cd, critical friends provide only 
constructive feedback, without judging; listen actively, tak- 
ing time to understand the "big picture" and the process 
of planning or implementing; and advocate for the success 
of the work. 

Debriefing— at significant points in a learning process, 
teachers and students identify learnings, make connections 
among learnings, and synthesize learnings. When debrief- 
ing, they may revisit earlier predictions, hypotheses, and 
theories and make revisions as well as consider implica- 
tions, applications, and next steps. 



Engaged learning— learners take an active role in mean- 
ingful tasks and activities. Highly engaged learners take in- 
creasing responsibility for their own learning, striving for 
deep understanding through experiences that directly ap- 
ply to their lives. (See Appendix A for indicators of en- 
gaged learning.) 

Flexible grouping— teachers group and regroup students 
according to the purposes of instruction. In a problem- 
based study, much of the grouping alternates between 
whole group activities and the ongoing work of small in- 
terest or skill groups. 

Graphic representations — tables, flow charts, Venn dia- 
grams, cycles, concept maps, semantic webs, and other vi- 
sual organizers of text. 

Interdisciplinary— teaching and learning that addresses 
concepts and skills from more than one discipline. 

Knowledge building— constructing meaning by making 
connections between new information (facts, concepts, 
principles, etc.) and prior knowledge and experiences. 

Multiple intelligences— theory, developed by Howard 
Gardner, that proposes that there are at least seven intelli- 
gences valued by society: verbal-linguistic, mathematical- 
deductive reasoning, kinesthetic, spatial, musical, inter- 
personal, and intrapersonal. 

Open-ended problems and questions— open-ended ques- 
tions, often referred to as ill-structured problems, have no 
single correct response or simple answer. These problems 
or questions often involve: messy data that may be in- 
complete, inconsistent, and ambiguous; multiple perspec- 
tives; limited time; multiple disciplines; and various re- 
sources and modes of inquiry. 

Performance-based assessments— evaluation that mea- 
sures the quality of student performance on a task. In pbl, 
alternative assessments are often used to evaluate both the 



process and the final products or presentation of an in- 
vestigation. 

Problem-based learning — teachers and students integrate 
concepts and skills from one or more disciplines while in- 
vestigating a problem. Pbl often engages students in the 
development of a relatively long-term project. 

Problem-Based Learning as Codevelopment— pbl-cd is a 
framework for professional development and curriculum 
development. It is based on the belief that people build ex- 
pertise in problem-based teaching and learning by using a 
progressive problem solving approach to tasks and prob- 
lems of importance to them and by designing and imple- 
menting curriculum together. 

Progressive problem solving— process of solving prob- 
lems in which people continuously rethink and redefine 
their tasks, always striving to build knowledge and do bet- 
ter. In pbl-cd learners engage in four fundamental think- 
ing processes repeatedly throughout their work: under- 
standing and planning an application; acting on their plan 
and sharing their results; reflecting on their work; and re- 
thinking and refining the work. 

Student roles— in pbl, students often assume varied roles 
including those of explorer, cognitive apprentice, teacher, 
and producer. As explorers, students have opportunities to 
explore new ideas and tools, as well as "push the envelope" 
in ideas and research. As cognitive apprentices, learning is 
situated in relationship with a mentor who coaches stu- 
dents to develop ideas and skills that simulate the role of 
practicing professionals (i.e., engage in real research). As 
teachers, students are encouraged to teach others in formal 
and informal contexts. In the role of producers, students 
develop products of real use to themselves and others. 

Teacher roles— in pbl, teachers often assume varied roles 
including those of facilitator, guide, and colearner and coin- 
vestigator. As facilitators, teachers engage in negotiation, 
stimulate and monitor discussion and project work but do 



not control all the information or direct all the learning. In 
the role of guide, teachers help students to construct their 
own meaning by modeling, mediating, explaining when 
needed, redirecting focus, and providing options. As 
colearner and co-investigators, teachers consider themselves 
learners; willing to take risks to explore areas outside their 
expertise; they collaborate with other teachers and prac- 
ticing professionals. 
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